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to mtk preseoted io  ihs othtr ChaptetrSf aod •  
dMiiHriptioa of libo 0zperia«atQl aitti~.od ava
«iTea» la  addLtiooy th# basio thaory ioTolYad ia  tha 
aualyala of apaatra la bfiaHy daaaribad* Cbaptar 
ia a iltta a  H tb  a vl«n to ptaHda aa ailatiuaW ffaoatal 
baokttrouad Io lha «ork dooat aod ilia piiaoipiaa and oa* 
tailoa pnMaatad bata hava baaa ftaaly uaad ia  Iba raa t 
of Ifca, Cbaptaca*
Ckaptair II  doaXa a ith  tha aad faaoiwaoa
apaotni of l*fltt0V0|  2,4»dlQitrobaasaaa* THa aolaaala 
ia aa uDajnwatriaal four apia a^ataa of ^  ii^pa ABCI» 
kB t|ia apaoin^ of tha pvotcoa of tb ia  salaeula
ia  a a ll aopaiatod froK that af tba oibar taof Iba aaailari
adnaiioa for ttiia oyaWa ia  eoaplataly aolvad ia  tha 
firai^ order appteil'jaUo'?.« ^  eaiilyaiat aorriad oat aa 
baaiat yialda tha faXuaa of a l l  ^  parapatara ia*I
▼o l l t l  aatlafieiorily* Iba paaaibilifar» dat«f»iaioff
tba !|(kutiva ai«aa af ao«a af Ifaa aouplia« oooataata ia  
ttila Irpo apactca^ ia paiaiad oai^ aad oa thia baaiat
i i  ia  fouM tiA t tha artba «ata H»F aoupliaff oooataata/ ■!
/ /lira of the ottea ai«s aa tha artho & pan H*H oaapXios
h
( t i )
eoo«teto« aaalysig i t  fu r^ « r by Meoad
ptrlQfbiiMoa oBlmUtioaa, aod oior» aeeafBt^ Tslim 
of ih% p a iM ttrs  a r t  obialiiad«
Xo Cbaplar 121# tha loilt dooa &a th« |cetaa  
raaoaaooa apeoim of p*bfo»oflhXor9baiMiaoa, p^oblm toltwaa 
ao4 pvchldfDiodobaoaaoa# ia  daacrlbadt Iha apeatva of a 
omhet oi p*dlaubatl%itad beoaoaea aero alttiiiad aa«iior« 
bat tha aoalyaia aaa (boa by aakins oartalo atepXifyiac 
aaaitapttooat and a l l  iha sonnatara atn ooi datafttiaed*
A aathod ia  propoaad beta to aaaJLyaa ttiia ty p  of apoeica 
< ^ 8  typa) aittiout sakiaa lhaaa aaaua^tioaa* lha 
apaotra of Iha abova>aatioQad aolaoulaa ara* tliorafovat 
raiofiaat&Atad aa avm ^aa of Hiia i^ibodf and a l l  tba 
paftPoWra >«va baao dnlaiBlaad*
Cteptar 1? eoaaiata of iha atidy of protoo 
raaoaaooa apaatfa of pioolioaa* Vm apaoita of
flQ0 protooa ia  Hiaaa aolaoalaa« ahioli baloo« to tba 
olaaaaa a3CX» A3XY ood 4g}(2 raapaott valyt ara aaalyaod 
to daiafMitta a l l  tbo pacaaaiara ioTolTad#
alAla aoalysiocr Iha apactfft ia  chaptara I I ,  III 
& I?  an atlaiBpi 1«a Im o oada to find aoa^ i^alawitio 
fao^raa of «ha apaeiiBt abiob « i l l  ba of halp ia  
vadioios tba t i ia l  aod arror aalailatioaa« iAmt tf9 
oaeaM ry ia  ptrfotuiatf thaaa aoaXya<a»
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studlfffi OD In aqiiaouA
«dlutioa« of ftUcali ohlocldM and «orth ehXotid««|
aod mooftoee ehifta ia   ^ eolutloiui of oove
alk a li Huofidaa^ fufat tha aawoad pari of iba ihaaia aod 
a ta  pvaaaoiad ia  Cfaaptar \f* fliaaa abifta am  aaaaufad 
a t  faiioua coao«alipiitt9(ia« aod tha raauXta obtalaad shoa 
aaToval iateraatliia faa^ ras ahioh afa ^ualilMtifidy 
dlMuaaad la  iBtm Xiolii of iht thaoHaa of obaeioal a h if t^  
aad tha aolTaoi ioa iataraattooa ia  th#aa ftolttiieoa*
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P H S r A C E
7i» nesolutios Btiel«ar t^^sgnetie i^&cmnc*
teehcique Ims* in  recen t yeare* acquired oonsidarablo 
lor.ortanoe a s  a  usefu l oethod fo r  i o v e e t i ^ t i i ^  a  v arie tir 
o f intareB tizig probXatas aasocia tad  w ith o c lec u la r a le -  
c tre n lc  s t r ^ ^ u r a .  aethod eBaantialXy <x»misto of the 
deto rrdnatlon  o f the Chemical s h i f ta  ftud tiie 
ootipll&e eocstantsy  trtiieh rep resaiii the ix ^ lu a s ^  of the 
a la e tro n ie  d is tr ib u tio n  i s  the RclecuXe. on t l»  t&&£;natic 
resor.ence c f  the nucleus o f in ^ r e s t*  i.t»se iiit@ri^tioii& 
^ ive r i s e  to  aosiplieate<^ resonance sp ec tra , in  msaasf aasest 
and ta i le d  proaedures have to  be f o i l e d d  to  aiiaX^ze 
these sp ec tra  and obtain  the p a ra a e te rs .
The work presented ic this tiiesis aay broadly 
be divided into two parts* The first part* which forsHS Einst 
of the work (ClMipters II, III & deals with the «ial^si£ 
of coB^liaatad spectra arisii^ ^ e  to four ^steisa.
The second part of the tlwsis (Cl^ter V) GtmmruB with
%hB atudies on negative ion resonence i^fta la soat aqueoua
eleetroljrtes*
(ii)
In Chi^ter I o t the thesisf e ja sm m l intro-* 
duetion to the vork presented in the other Chf^ters* and 
6 description of the experliaental laethod ea^lf^ed, «re 
given« In addition* tim  basic theory involared in the 
analysis of speetra is brief^ described* nie Chapter 
is written vith a view to pr^ide an adequate general 
background to the work donet and the principles end Ro­
tation presented here have been freely used in the rest 
of the Chapters*
Chapter II ^als with the and resooanae 
^etra of 1-fluoro, 2t4*dinitrobenzene« This affileeitle 
is an unsyonetrieal four ^i» a^stea of tim ABCX*
As the flpectruo of one of the protons of this oolecule 
is veil sMipaxvitei^  froo that of the otl»r imoj tfe» secular 
eqoatico) for this systen is coopletely solved in the 
first order approzisatioa. The cmalysis, <^riad out tm 
this basis, yields the values of all the paraasters in­
volved satisfactorily. The possibility» of determining 
the relative signs of soae of the coupling constants in 
this type of c.peetra, is pointed out» and this basis» 
it is found that the ortho k aeta H-F cot^liag constants 
are of the saae sign as the ortho & para iHi cot^ling
(ili)
eoxistftnts* amLlysis is furtlHir sm e n ^
orim r perturbation ^dculati<mSf moz« aeeurate valuos
of the perasetere are obtained*
In Chapter III, tlw m v k  m m  ©b ^  preteo 
resonance spectra of p»bre^ehIorobeszene* p<-^orotoltMEe 
end p-chXoroiodobenaeney is aeecrlbed* fb& spectra of a 
nusiber of p-disubetituteo benzenes w ere studied earlier^ 
but the ai»I;rsi8 waa done ^  Baking eerteis sii^ lif;^ i&g 
asaamptioiie, and all the paraiaetere are not detensined*
A a e t ^  i® proposed liere to tliis type of spectrs.
(Ag Bjg wittioet tl»ise
apeetra of the above^^^tior^d mXocvUsB arot tl^reforet 
relsveeti^ted as e3£as|>Xe8 of this iset!K>d, end all the 
parai^ters h em  been determined#
Chapter IV eonaists of %hs stu^ c t proton 
reeonanoe epeetre of of.fi y ' f  pieolines. 13ie spectra of
I
ring protons in %fmm ii6l,eciiXes» w M sk bel>oi^  %e tim 
classes ABCXt AMY and ^2 re^ecti?ely» are armlyeed 
to determine all the parejaeters involved.
While anaiys^ is^  the spectra la chapters II, i n  
& IT an 8lt9ipt has been m6& to U M  m m  Byntivmtie
(iv)
features of the epootrat vhldi will be of help in 
reducing the trial and error ealculationst that are 
neceB-sary in perforaiQg these ezialyeefi*
Studies CO Cl^^ resonance shifts in aqueous 
solutions of allcali chlorides and alkaline earth chlorides
{Q
and resonance shifts in aqueous solutic^s of Btxm 
alkali fluoridest fore the eecond part of thesis and 
are presented in Chapter V* These shifts are eieasured 
at various conoentrationst and the results obtained ^ow 
several interesting features whic^ are qualitatively 
discu^ s^ed in the li^t cf th e theories of chexaical shifty 
and the solvent ion interactions in these solutions*
All the t^ ork presented here is done in the 
Microvave emd Radiofreqiaen^ Li^oratory of the physics 
departz9snt» Muslia univorsi^« Ali@arh» under the super'- 
visioa of Dr* Putcha Venkateswarlu,
It eives £» great pleasure to record here ay 
indebte^ baeae to Or* ?ut(^ VeniGate«#arlu for hie €S<»ll«ffit 
guidance ai^ co:i8tant encours^eiJent tliroughout.
SoM of the vork reported l^re fonss a part of 
the vork dom on the schew entitled <*(i) ^ssion spectra
(V)
of bBlo£ftns and (ii) halc^ts aogoetie resoMmoe ualug 
3t96or Hi^ hMolttticc SHE Sp««tzta»t»r" aaaaetion»d to 
IT. P* V«iicat*flMurlu tor the CoiBieil o t 3ei«stifie and 
Industrial BosMrch (C»S«1,H*)« I gralafuHjr aeknoi^
I«d@e the help of the C«S*I.B« in aaseticailag the seheae 
and in appolsting lae as a Senior i^se&reh FeXlov o» the 
schaiw* XhaelEa are due to the University Greets CoEssis- 
8ioo for providing a special grant to set the Hierovave 
and Hadiofreqtwney Lahor&tory at Ali^urh. 1 Also express 
ogr thanfcs to the Muslin UbiTersity for the avard of a 
i^v«rsity f^Uinrahip during U w  early part of stay at 
Aligarh* are also due to Br« ?• S. Oil! for his
kind interest in the work*
Sincere timnks are di» to H. Sripathi Bao» 
Cefitral Fuel l^search Institute^ Jealgora» for providing us 
with the s»ple8 of<<, and picolines worked in the 
present experiments. I wish to express Eiy appreciation of 
the work done to me by t)« woirilsshop and the glass->blcwing 
sections of the physics department. I m  irery fateful 
tc several colleagues and friends ia the departasnt* e^ciall 
Messrs. E,V»L«S,S&stzy, A.s.Bajai), H^P.Sezemit T.V.Hao and 
D.K.Bao for their helpi^ cooperaticm laad encouzttg«aeat«
INTfiOOUCIIOS AfiO SXP£SIM£aiTAl. KEtHOD
CUAJPTSR X«
(i) Oeiiegal latrodiiBtioiit
Ih€ ^oloar Hagn«tie Kesonanoe (SHE) eigaals of 
i3ost liquids «ihlbit a fine etrselurs arisiag primarily 
to two is^rtant effects assoeiated vlth tiie electronic 
dlstributloa la laoleoules Yis»« tlie chemical ^ift and the 
indirect spin-spin interaction betwocan nuclei* (1-6). Hie 
<^eaioal ahlfts r^resen'^ variatlotie in the electrosio 
enviroiEsent of l^e zmdei of Inter^t at different non- 
equivalent sites la tlie iaolcoale* and thus prorlte a sensi­
tive laethod for observing sli^t and subtle ^laages in the 
electronic distribution. Bxe spln-spln interaction Is due 
to coi^llng of the differ^t mielear spins In the molecule 
throi;^ the bonding electrons. Xhou^ s»ch %fork has not 
yet beon done on the interpretation of these coupllag Con­
stanta in terci^  of oolecular electronic distrlbutiont some 
of the recent studies (7-fO) ^ve dearly ^os® that a ^ d  
doal of informtlon can be derived from an extaislve study
ISYRyjDUCIlOM AMD
References t«4 with the subject of iudear Mantle 
Heeonanee. in bulk oatter» In general, while refer^ces 
3 and 6 deal vith the phenoneoa associated with nudear 
magnet la© la liquids and are therefore oore closely con- 
neetfd vlUl thf work described here*
o t these ooupllng eonstants and their signs* The analyses 
of high resolution 5ltR spectra for accurate determination 
of these pai^ uaeterst in ciolectiles with varying degrees of 
bonding) foros an essential prerequisite for the more 
ic^rtaat aspect of deriving infoxmation from theci. ?he 
work presmted in this thesis n»stly deals wiUi the analyses 
of cos^lez spectra.
When the chenieal shifts between the different 
interacting nuclei are larc^ oosipared to ^eir mutual spixw 
spin interaction energy (this condition is easily satisfied 
if the iat»acting naclei belong to different ^ecies) the 
high resolution spectmai shows several features of ret^ ularity 
and follows sckss simple rules (11.14} vith ^ ich the para­
meters can be determined. But the tiiemicaX shifts are 
of the saae order of aagnitude as the spin coupling constants, 
the ^ectrun beooaes a cockles and irregular siultiplet and 
seme detailed aethods t4t 1^) have to be followed to 
analyze the spectra and derive the parasieters. Thou^ it 
is in principle possible to circunv«»t this diffiojaty by 
working at hi^ oagnetic fields* because the cheotii^ i^ift 
is directly proportional to the static oagnetic field* whereas 
the spin-epin interaction is indepmdocit of it» it is not 
often realised in practice as an upper limit is set« to the 
static ms^ rtetie field applied, by the n^ui^saents of stabi­
lity and resolution. Further* it is always possible to hacve 
cases* even at very high static laagnetle fields* where the
c^emtoal are still of the same ord^ as Uie eoupliog
oonstants inrolired# geieral w i s»thi»d of theoreti(»X 
oaloul&tlon of these speotra* vhero no restriction is placed 
on the relatitro mluee of the ^^icaX ^ifts aad l^e 
ooupliag eonstsntst wae giirea M  by lloQoiui«llt Hei«ea& acd 
BelXly (t6)# Ihe metl^d is eaieh similar to the tradi­
tional n»ti»d8t adapted in other branches of speetrosoopy» 
of repeated soluticm of the quantisn siediaiiieal eigenvalue 
problem until the paranieters chosen give a satisfactory 
agreenent vith the observed s^ectmn.
as this method has been used as basis for 
the acalysis of all the spectra in Cbmpters II, III & XV» 
it viU be described here brieflyt and the principles and 
notatl(Mi presented balov are freely used in these <^ptex^,
(ii!» Basic th eo ry of ABolc/sisi
The "high resolution'* Hatailtonian for a system 
of *p* interacting ^ine a»y be %#ritteo as
. . . CI.O
• * 1
. . .  Cl. 2.3
cxncL
L•*
■«-cj
- . • C I ■ 3;
In thaee •quatloae >f‘^°'reprosrot8 the interaotliHi of all
the spins vith the static na^etic field (^esileal shift 
part)« = 'K '^oi. ^ ©**6 "Ji is the gyroma^etic ratio of the
1 th Budeu@ at sit@ the static CHigiietlc
has the value Koc * direction of is here takes 
a® the aegative s direction* r e p r m m ts the spia-
epia intezmotio&e between all the spisiB In the a^lecule.
I i. is the spin angular ^ m^entuBa vector of ^ e  I th 
oucleusy aad Ixc.lyc^ its con^nents along the
coordinate axes* J ^ j Is the spin coupling constant 
betwe«i the nuclei I and j • Here the ^ ^ i e &  are all 
expressed in cycles per second to facilitate coisparii^ n 
vith experimental spectra. In the absence of dynaaic 
processes (17) whi^ aodiiy «ie observed spectra, and 
when the stolecular motions in the liquid are rapid enou^ 
for the direct dipole-dipole interactions to be ae^ jlected, 
the akove ford of the Hasiiltoniaa is ei^ ;»4Mted (11t18»19) 
to repres«it faithfully all the observed features of 
high resolution SHB spectra*
j  O , T
Let (p^ and ^^be the ei^nftmctioius of ^  «uid 
K  respectivelyt and and the corresponding eigeo* 
energies* Jub zero order ei enfunctions then represoit
CO
the stationary states in the absence of the tem H in 
Eq* (1*1)* The number of possible states are 2^, if all 
the intemcting nuclei a re of spin t t as is generally the
Kxteasioci of th is  method to nuclei v ith  splA greater 
than k is straig^t^fortfardy but in practice sudi spectra 
are not generally ^icountered as th<y are v4iiated by 
quadrupole effects*
case. the problea is to deteraiite suitable linear 
coabiziatioQs of i^iah dia^oaXlze the matrix of the 
of the ocHsplete Hamlltonlaii :r • Ihe eorrespoading eig«i- 
values E^are given by the solution of the semalar equatloo,
-E = 0 . . ■ (1.4)
nftiere C C  ^
the exact eig«sf^tieNas
where the ooefflcl^ts a^^are i^tren by the set of linear 
equations
^  >^v>w • • Cl-b)V V
the a>lution of «^loh yield ^le ratios of these ooeffleiente. 
^nd the m o o t iraluea are detei^in^ by the G m & itim  ^ t  
the fuoctlons 9^^ould be noimll2ed> l«e*«
The secular e(|uatioa (t«4) ia of the order 2^, bat %flth an 
^proprlate choice of the zero order spin functlonst this 
can be factor^ into several equations of loi#«r order. Ihe 
aethod of choosing these functions is described In detail 
Xxy several authors (^,16y20) and sfeall be omitt^ here* The 
secular eciuation first factors into (p^l) separate ecLuatioois 
corresponding to all the possible values of the total 
spin eoapoQttit in Uie s direetlon.
-. Z l y ,  C1.8)
Further fiactorlsatloa of thsam «q»atloiis 
re«2ltst if U m  aolscole ooatalas interaciliig nuel«i of 
Qor« than on* m p m cfS f as th« off.jdUisoQAl mtrlx ele»
Qwts betvMQ statefi oorr^apoadlng to dlffer«it vedties 
of the z  oompoamX of toe total spi& of any of Uie 
differ^t ouolee^ ^ieolcs e«a Im takea as 3i«ro« to a 
degree of approxicstl€»« 8ai» axgucseat can be 
applied* though to a less degree of approzimtioa» to 
aoclei of the sane specieB» where 1 S>—  -pjl »  • Bv«a
in oases where this oondlti^ is oot ^r^etely valid 
this faetorizaticm can be oarried o a t in o r d T  to obtain 
(^ >proxiisate citations of the energy valaoSf i^idi can 
be ployed later as a starting point for nore valid and 
ri^rous approxioations (21) •
The problea is further simplified if the
c»lecule under consideration possesses elen^ts of n^asietry. 
This has bem realised by l^ a)onnell &t«al*(16} themselves^ 
and is later treated oiore exhaustively by Wilson (22)»
The zero order eigenfunctioeis then fail into symetric and 
antisynssetrio classes» emd no miximi occurs between states 
belCKi^ lns to diffor«it classes.
Once the secular equation (I«4) is oosmletely 
solved, all the transition enei^ies can be readily obtained 
by using the veil knovn selection rule
A  ^ 1  1  • ■ • ( 1  .'I)
la the case o t ooleoalesf is an
&4dltior»I s«Ieotlon 3niXe t«msitiotis ar« allov«d
cnly betveea states of the saat i^ i^sisetEy*
Th« la ^e tssm  of a tf^isitlon h&tw9m
states Gorresponding to 4y, pyoportlaml to
_( <l>v.,|L Ixtl 4>«)J^ • • • Cl.10)
and i t  can be oaXculated for a l l  the tsrssisitloasf i f
exact eig^afunetions eraXvatM ^  is^ ras of Biias,
(1.5), (1.6) S; (1.7).
nsrexal workers (5 f1 6 ,2 C ,2 5 )  bave suocarlsed 
03nveaief2t rules for ev'almtisg tbs s»trix eleswats in­
volved in the above oaleulation of these t^eoretioaX ^ectra.
(iii) :Tpeotra of gour spin n ^ t m a t
rhe ctethod described in the previous seoticm oan* 
not be ^ plied eetsil^ * to aUJ. oasost as it is diffioiilt 
(thou^y in principXet not ia|}08sible) to dorive exi>Xioit 
expressioiB for tiie traasitioa eoergies ia terras of the 
paraaatere* if t^e or^r of the subdetemia^ts is oore Uian 
tvo. iliis condition is always sati.sfi^ if the nuaber of 
interacting spins is only tvo (AB or AX ty^*). M t the
* The classification of spectra into different typeSf is 
done in accordance vith the >wutlon developed Bernstein 
et.al. (5«20).
spActxa of QoXeoules co8t£.iniag oore tlan two spias mrm 
of spQciaX Intero&t &8 seen belov,
HeooQt theoretical nork (7^4t26) has mtmrn 
^ t  a kooifdcdge of the slgos of the eoupling oonatants 
is of coQslderable li^rtarMse. In order to deterjiim
imtZytx-ctirg
these signs It is neeesseiry that m e  number of miolei are 
at least three (14,27). It is to be noted» hoverer» that 
onl^ relative signs of ooupliag ooostants eaa be deter- 
miaed in SHB experiaects, as the sign of the 2nd tern
in Bq.. ( I . t )  is ^ Mtrars?. ( A  positive si^ of J l j  i» 
the fom of in r^n. (1.1) COSTOSPOI^ to a preferred 
antiparalleX oorrelatioQ cf the interaetlng spins i m4. j )• 
Dat the theoretical analyse C24t25»26«23«^) hare shovn 
that w-w ooupliag oonstants are alaost teflaiiel^ positivtf 
if they are /greater* l^ati a t&ii cyeXes per second, Basing 
on this* the absolute of the ooupliog constants can
bo deteroinedf if relative sl^s are Tsmwa* Frooa this 
point of therefore* the spectra of three or sore
stroniily coupled spins are of considerable mtrrent inter^t* 
Furthert as vas pointed m t  W  Fess^dan eeid yau^ {32i)
Kt>oc»v\
it is not yet correctly itiether the fom of Haoiltonian/V
in Ell* (X.1) repres^ts tiie problm* ade^uat^y, vhen the 
nuober of Interacting s&icA are lai^et as it is possible
* ScrexiU. workers (^*21930*51) haore recently obtained results 
whi^ definitely yield ne^tive values of the order a few 
cps* for soae of the M  cot;^ liag consteyits in vinyl protons
that ItttefBCtiOBS of the typ« I,.. (1 jXlKliai^t ooeur
tUoJt
in th«ee cases. Bot it b« oestiotted^the results on 
the avty ^In f^ectr&« £u:ialjnB«d so far* did got lodioate 
the presence of tea^ such Interaetiona.
Ihe [^>ectra of these are usually ooiEq>la
aad otm often encounters deteminoits of order 3 or niore 
to 3oXve for the energy levels in tems of thm oony para- 
oeter6*« The <%»apl^ity of the spectruoi is considerably 
reduced if the laolecule possesses syimetzsri t^t the spectra 
of sfyaoetrical ooleoules are usually inseoaltive to the 
siipaa of the is>upllns a>nstants. On the other Imnd the 
spectra becoae rapidly cc^licated as the ^ r«aetry is 
reduced or vhen the mraber of nuclei is ini^eased. Soias 
useful sii^lification cant o t a>urse« be obtained in oases 
where the oonditioa j ^  Tij is satisfied. Hovever*
it will altiays be helpful if certain s^t^mtie futures 
of the ^ectra could be foundf thou^b finally a ^ o d  deal
* If there are »n* nuclei in the s^ steist there will be (a^ t) 
cheraioal ^ifts and n(n->1)/2 spin (KH^ling const^ uaits to be 
determined froa the analysis,
This oan be seen irm i the fact that an AB spectrua consists 
of ♦ transition*, i^ile there are 15 transitions in an 4BC 
spoctrusf and 56 ia ABC! spectrua. If the four ^in aystem 
has synsa^zy and f m s  in ^ e  class AgJBg, only 24 transitions 
oocur ayoB^rically about the center of the speotru:i« so that 
only twelve lines need be idntified for the analysis.
of trial aod error oal&jlatioa is to bd dose to assign 
all the translticms to the lines obserfed In ^ e  ezperl<> 
a ^ ta l ^eotiuo*
."peetra of a mimber of tliroe*6pia ai!rsteQi8» 
whlf^ are the sioplest among the oozaplex sp^tra» were 
studied recently by several workers (20f32p33) the 
prlnotples develope4 in these analyses are of much help 
in dealing with the aore ootaplieated cases of four and 
five spin speotra. In~ the present v o rk , seven four 
spin speotra %^i(^ fall into ABlt« A2%  and A2X2
classes* are analyzed and all Uie paraewttt^ A re deter^ 
mined* The basio tlieory for
spectra was alreat^ ^iven earlier* and it Ks applied to 
the specific oases studied. For the 4BCX ^ d  4BXY ^steas 
the detailed theoretical calculatioiB are p^oraed.
(iv) /^ueous Electrolytesi
Cheaieal ^ift deteminatio os have proved to 
be very useful in stud^ i^ng s»all variations in electronic
«iviroar!ient of nuclei in a direct and sickle aanner (37-41), 
In the present work Cl^^ resonance ^ifts in aqueous 
solutions of alkali (^ ilorid^ s and alkaline ear^ borides
» Four »in systfioc belonging to olass hsve bees 
reomtly studied by other workers (3$t36).
la
and f rtsonaooe shifts In aqueous solutions of soae 
alkali fluorides are aeassred* Hie vo xk le <ion* at 
varl(His ^ ncoQtratioas and the results obtaliied shov 
soQd iateresting feattires^  are dlscnissed <^ uali-
tatively in the li^t of %he theories of t^eoieaX ^ifts 
and the solvent ion inter^tions in ^ese solutions.
(v) i^ aperineatal;
\U ttie ^eetra presented in this thesis are 
obtained on a Yarian 7«430O B WSR 3peetrc»iset6ri using a 
t2^ eleotroias^et* ?ull ^tails r^rdii^ the equipiMnt 
and the accessories are pohlished hy ^ e  Varian Assooiates
(42)* The pover supply for the oa^et has yolta^ and
tWc.
c m rrm t re^ julation, and the drifts in^field« occuring due 
to temperature variations etc*# are cc^^oi^ted ^  a 
"liaper Stabiliser*^  (42). Use overall stability and hoae- 
geaelty of the statis aa^e^ic field is usually better 
than 1 part in 10^.* 11m spectrometer ess^tially consists
of fixed frequency tranaaltter and receiver units with the
* The hoaiogeneity of the ^j^etic field can be Improved 
considerably by adaptii^ a (^ding procedure (s^ Vanian 
Assooiates* Isstntotiofi feiazfiml). This procedure is 
absolutely essoitlal for proton and flt»sris» resonance 
expsriocBts as U m  lirtes in these spectra are vexy sharp* 
but need not be followed i^ ien the broad lines like those 
of Cl55 rescoance are stalled.
asstKSlated pjrobe# and a a#eep unit >>ra^ idliig for variable 
GV9t^ field of adjustable frequenojr* ri^ fixed freqtu«iGy 
SF units are 8frallaW.e In our set upt at operating fre- 
qiienoies of 3*6 tAe/L>9c*» and 40 Hc/sec* The former U  
a«ed for x^aonance experiaeats» where ae the latter 
for H and F ^  resonance stadies* The frequflsic^  stability 
of the SF unit is about 1 part in a million per hmir« 
l^e spectrocieter is saao ei^ uipped vith the'‘saaple spinner 
(42) y i^ioh x^luoes the line v l d ^  and enhances the 
ar^litudes of the lines. #ith ^is arrangeoimtt the 
contribution to the line widths froa cngnetic field ia »  
hooogeneities is greatly reduced, the sai^le spinnlag 
teohniquet however, cam»t be used with 5*6 ttc/sec*uiAt C42)
The va3.ue of toe static oagnetie field for 
resonance studies at 5*6 !4c/cec* is sbmit 8627 g m esp  
while fbr and resona«ice experiments at 40 H^Sec*
the values are about 9393 and 10*000 gauss respectively*
A Susaont Model 304-AH Oscilloscope is used for 
visual observation of the reaonftiees and a Sanborn Model 
15W100A Recorder is enployed f^r ri»ording thes. For 
recording a *siow Sweep Unit* (42) is provided along with 
the Super 3^bilizer with \h l& t the iasgnotic field can be 
varied either my* linearly» at a slow and variable rate*
Th« aeaauraoeats are all doa« by sidd baad 
technique (43)« using :Ievlctt-tm^card 3od«I 20QB, Audio 
Oscillator to aodulato th« sifMp voltaco* Th9 friqueaqar 
of the Audio Oaoillator is acountoly dot«imlii«d call* 
bxatiog with the proton reaozMoee ^•etrua of ethanol at 
40 The error innrolved is this determiaati<m is
not aore th«m * t
-hen there a lane number o f olosely 
spaoed liaes» it is oft on found ooavm X eat to first 
determine by the side band siethod the mgm separation 
between two promin^t lines in the speotrueu Latert the 
positions of all other lines are deteroined on a spectrum 
taken at a lazier diversion* by linear interpolation.
This method does not bring in ai^ errorst as the recorder 
c 'm r t is driven a e^ nchroiK>us motor> the ^ ^iation 
of the oognetie field is usually lineor» uh^ it is done 
with a slow sweep unit.
It is m t usually pos@iU.e to separate ^  
sev«al factors that contrilHite to the errors in the (teter- 
oination of the line positions, so the oaamir^^nts are 
done generally* on at least t m  spectra* and the standard 
deviations of the neasurements of individual lines are 
taken as precision indexes. The standard deviation oay
again vary froa line to line (It will be uKially greater
If any overlappine of lloes occwrs) asd Uas llialts of 
this variatioa are g lT sn for m^sorecbeits on eadi »oI«euIe< 
the raaan of tbe^ limits oay be UUceo to repjres^t, i^pro~ 
xlaatelyt error iiiTOltrsd In the Lieasur^ aente*
In all tl^ e proton reaooanee ex^eriaents ^ e  
Saa^Xe c^ pimifr is used. Hie ea^xle tubes are about 5sicu 
in diaiieter (outer)« @.bout %3m* in  l^th*
All the laeasurecieitts reported in this 
are done at rooa teoper&tare.
I=^ rther experind&tal details ooocemias specific 
eaaee are glTeo at appropriate places ixi l^e thesis.
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Ai j STKACX 
1 1^3
High resoIutlGii II anS fmdear sagsetlo reeo-> 
nanoe ^ectra of 1*fIvK>ro» 2,4-4laltrob«of©ne are obtain^ 
and iffiaiyaod to detexmiae all the piyrsime&ers Involved. Ab 
t^e speotruQ of oae of the protofis is liell s^fated froia 
^lat of the other twot the secular @^uatloa has bo«n @oIv*d 
La first approxiaatioB* the analysis s± 9m  th« follov- 
laig ooupllag coastwits* 8.65 t  ^ *5 opBmp 2.85 + 0.2
cp«*t It."” » 0.65 4 0.3 cpa., jo”*" « 10.55 it 0.2 ops.# aad 
the ttfo Qieta H«-F ^uplin^ (^ust^ts vere foimd to be oonsi*- 
derahly dlffez^t being o.45 it ®*5 <^s.t aaid 5.85 t  0*5 <^s.
Xi has been focoid tot the ortho and seta H-l* eoapXiiig cons­
tants have the same sign as ttie ortho and para H-li ooupXisg 
oenetenta.
Ihe aaalysLs is ftorther ref iaed b^r seooad order 
perturbation ealcoJ^titms# and ^ re aec^ arate vaXuee of the 
dieaioaX shifts involved are obtained. The values of t2^ e 
oottpling const«mt8 are i£ot sigoifioantly affected thia 
refinement.
(t) latrodBCtlom
ConBiderablo aootait of «or& (1-tO) has be«a done 
recently on the ^in*spin coupling constants in substituted 
bensmes and fluorobenzeces« and atteqpts ( 11) are also 
being aade to understand these coupling constaots on the 
basis of cy^ leeiilar eXectronio structure. these spectra 
are generally ^^aples as the c^i^ical shifts in these laole- 
cules are usually of the same order of isagnitude as the 
involved coupling constants. In the present ^ r k the hi^ 
rMolution HHB ipeetra of the four spin systea (AlCX
ty?«) of 1-*fluoro# 2t4-4initrobenaseae are obtaiaed aad analjp- 
sed to detexnlne all Uie paraoeters involved* Xb* relative 
signs of the coupling ooastaats are also deteralnad*
(11) Ea^erlaeatali
The san^le of t-fluoro, 2,4-dialtrobenzenet obtalsed
fron the British Drug :kmse, is u^d without further pirifioa-
tioB* The sai^le is contained in a sealed glass tube of
1
about 3 sBEi o»d«t and about l^ eni. loa^t for both H & f  ^ 
resonance experiments*
3sr plaelng a eaptllayy oontalning water inside the 
Bain saaple ms an external stan^tolf the oheoioal ahifts
of the proton resonance signals of the ooiapound vith referenee 
to the signal of water are deteminedt in the usual s»nner*
1
The obaerred H and resonaooe ^ectra are i6a9\m 
Ln Fi^s. II«1(a) and IZ«2(a) re^eotiTdL^r*
(Hi) rheoretioalt
The QOleeule l-fluoro* 2t4*dinitrobensene» is an 
una/nss trical four fi^ in s^ rstea and is of the type ABCX» i^ere 
all the nuclei are no»-ecjuiTalef.tt and all the cou^ U sq cooa- 
tants are different froQ one another* ^  the sero order 
cigenftinotlons and the eorresponiing dia^nal oatrix eleoents 
for this system are giv«i in zaXle II*1«
r
I
s
f
n
5
§
§
5
I
'Sj(|as
Cps SS J>o /5 10
I. I
Chi
\
SfifCTM/f OF 1-fiMOPO 
2 ,^  WNI7P0B£MI£M£ 4T'40^/S*e. 
(a) £X P £/?//fr//rM
/rm s^ '9 2 /C /> S
Pc^ .TT-Z
^•ro ord«r •i^«ifo&otioas and ih« oorrespondlag diatgonal 
wMlTix el«s«ats for th« ABCX ^sttoi
TABLE 11.1.
Z«ro
'i augonal K.tri* Fl«i«t
function
1. 2 0< oC oc oc
2. 1 oc oC 6C|g
3* 1 oC oC oC
4. 1 =<- «<-
5. 1 ^ o(. ot X
6. 0 * oc p p i   ^'^ A '•^^’^ AWucr^Acr^Aap^sx^^cx^
7. 0 =< p p
8. 0 (i<^
o(.iei!iot«c tho Spin fum^tion for and p> for 7h%
spin fynctloos are vrlti«i aixh thai| la g«ier«Xy oc [S oc 
would 3«aa o(CAi oC(k '> e>c .
Tho total txttabor of stationary ctatoc are actually as
this is a four spin e y s tm . The sero order ei^nfunotions and 
the corresponding dis^nal zaatrex eleaents for the rest of the 
eight states art easily obtained by usii^ ^ e  following rules()z
COQtd«**«.
If m  d«fio« m  optratoro- with Ih© property thafc 
oparattag oa a spin fUnc^loQ It transfoms **oc«pin«* to 
" A 8pias”t th«n ^
O  = (1)
I t  the first aiai Meond t«rms is ar« <S«&ot«d tagr ai^ n 
and htin «MCh that • ®fi4l,n+1 n+1 (ii)
">* Xa-r,, it-„
■^♦1. n+1+**n+1, nt1 (til)
XABL8 11.2^
Mixad vaTO functions aad miafgy l«vals«
i l l ■ . » . . ■  . ■  , 1, 111 - I . . . .  i . » — ■    . . . . . . . . . . . .   . . I . - — i » » « . . i i
.stata* vava FuaotioR Snaxgy
4» Coa0^ (oc^ ococ)^ 3in«^ (p=ccc«)
5» •3in©^ (oc)iococ)+Coa0^ (p«»tocot) 4(
7* Co^ (^oc|io(^ )4.Gii^ (^|ioc«^ ) i( V,-
8» l^r^^(oc|iot/3)^Go^^(^otot^) l<'Jc-
9* C o t^ J o L l^ c c )* 3 in 0 J li^p c i)
10» •^i*^Jo^^^+GO^J/io<pcL) -4{
12* C Q 8»Jc^fi^h iiiT i»Ji^< ^^p) H i
13* -SiD0Jccp/i^hCoo»J^o.;j^)
• Tha ai»d atatas ara liU>allad 4*« 5* ate, to daoote that 
thaaa iiava funotiosa raditaa to tba ijaaio product tm m tim s
4t5 ato. vhan the chetaical shift { is laf;ge.
The noiwanl^lQS off-diagonal aatrlx alaaeats are 
glTaa b/ tha foUoviog equatioast
^ . 4
= - ^  \a-.\4
= ^ . 8  = ^1... “
)
.1)
J
and tha rest of these alosmts ara obtaload tha oooditlon
^  \n - Y \  - ^  >n -m . . .  QtL . 2j)
Aa the states with differaat values of I 
oiXf the basic product functions 2 and 15 (Table II.1) will 
becec» approximate station zy state wave funotionsy and the 
corre^ndir^ diagonal s^trix elements give the respective 
eigenvalues. Furthery ^ e  states 6»7 & 8 do not six vith 
the states 9ftO 4b 11, ^ t  for a complete solutloi^f the 
seoBlar equation it is still necessary to solve four 5 x 3  
detersinents (for ^le states 3#4 & and 6fT & 3 and 
9*10 & lit sod 12913 & 14)* D^licit es^resaions for the 
enersy levels in these oases are difficult to derive and a 
a/steoatic analysis is ^erefore not umsally possible.
But the proton resonance spectruni of ^ e  molecule 
(Fig. ZI*1(aV idtKMs two gn^ipa of lioas s^>arated by stj&ut 
40 cps. An approximte (iiGasureBient of the areas under the 
lines showed tiiat one of the three protons gives rise to the 
veil separated group of lines on Uie higher field side, if 
this proton is called Ct this nay also be treated similar to X»
as a first i^ >proxliaBtloB. fh«i the ba«te product tw ootU nm  
3,6 ,11  & 14 ( l ^ e  I I .  1) W  also be oonsidered aa approxi- 
laate stationary state vo ve ftinotiofis «md the dia^oal mtrix 
eloaente give the oorrespoadlng elgefflraluee* Soii, only 
2 x 2  deteralneats remia to be solved to obtain all the 
energy levels. The oaloulatloos m xi then be done by a 
atrai^t^ forward extension of Uie method suiapted for the A M  
systeQis (2 ,5) •
For of c»iloulati<m, %re define positive
quantities 0^ , F^, and D^ , and angles ^
satlsf^ix^ the foUoviag relationss „
2. 2^.
D . - t
and J
A6
tom 2.4, = __ Tftft
(1.4)
In ter:^ of th^e qiiantlties the mixttd nave fiamtione fKid 
eorrespondiag « io i^  levels are obtaii^d Is ex p lic it fora aM 
ar€ given la  table (Il*2 ),
The different transltloas are classified lato AB»
C luid X types and the excr^sl<m8 for the transit 1cm fre- 
queries and their relatlTe int^sltles » m  given In lablcs 
(11*3), (11.4) and (XI.5) i^spectiv^^ for the tiiree type«.» 
In the ease of C and X transitions^ osly those oo^lnatloa 
llss vlth aoz^sero Intensities are given*
(Iv) Inteipretatioas 
jg.lX» pectnaa?*» Xhle ccrresptnuis to F ■ apectnsa of the
A i
sicleeule ( Fig. 11.2(a) ). the th«jr«tlcai ^ectnsa given 
in Table II*5» shows that there are four etrons llne^as^ 
Betrlcally disposed about tiio doublets (Trasnsitlons
3 & ♦ oxiA 5 & 6) with their senters separated b^ X * the 
ooa^lnatloQ lines also fora two mdtx doablets« ^as the^ are 
generally v«ak thi(7 laoy escape de^ecti<m«
___________d_A6_________________  (T •
* Similar m p rm a lo tm  for the transition energl^ and relative 
Intmsltles were obtained by I^ ee and mtdlffe (13) for the 
^^dcUz/^aaalysls of;1s1i2-trlfluopo, t^roiao, 2«^oro ethane. 13i« 
aoleoule Is t^esozibed as m  ABPX systea the^ auUiorii.
rraasttlon and r tla tlv *  la tM altlM  for AB spw tiK i.
Tf.Bl^  1U3.
a i.
Ko. Transition iSneJBy w .r .t .
Sela |i¥«
^Iciteasl^
1* 4*-^1 USl32»^
2* 5»-^1 1-»Sia20^
3* 11 V USin20^
4. 11 -^5*
-4«^ ab*  ^<^ bc^ ac'*‘*^ax*^hjc 1»Sin2®^
5. 7*— a l43tn^^
■r
6« t*»3iii^^
?. 1 4 - ^ 7 * HSinS^^
8. 14 -^ 8 '
9. ( ^ At^ Bt^ BCT^ AC I4>nin20^
10. 10*-* 3 ^^AB  ^(^AX^3xWgc-J^C
I t . 15 -^9* U3in2|f^
ta. 1§ ^10*
^^ AX*^ BX*^ BC^ AC
15* 12‘ - > 6 i^ AB*^  ^^ BC'^ AC’^ AX^IK
14. *^ AIT^  ^ B^C“*^ AC‘^ AX'*^ BX^ ^®- U S in ^«»
15. 16 ^12»
•^ ^ A ^  jC^ ^AC'^ AX'^ BX >*®- U s in » _
16. 16-^ 13’
-1  Jab"  ^<^ BC^ AC'^ AX‘^ B^X W lnaB_
lAflLfi 11 A .
transition eiMrgiw r«3ativ« inst«isltiM of C
•4-
Jl.
Ho« Transitloa En«x^
f 4.
n  3 -^1
2. 9« ->
3* 10* - > 5 ‘
4 . 6 ’ - ^  2
5. 15 _>ii
6. 12»--«-7*
7 . 15» - ^ 8 »
8 . 16
5.
Lim
9 . 9 » - ^ 5 «  i
10, 10* \1 I
11. 12* -^8* 
12. 13» -> 7 *
i ^CX •< V^-) 
I  Jcx V^-> 
•4 Jcx -< V^-.) 
•i Jcx
1
1
1
sia*(©^-0^)
TranKltiWB «si«rgiae aad r< ^ tiv«  ia i« n » ltles o f I  ap«etim*
lABLfi 11.5.
tTaasltloa w.r.t* R«iatlv« Xnttiuiity
. ...A— . I ■■■■■...
1* 2 —► 1 ^
2# 6 - ^ 5  ^^^AX*^BX^CX^ ^
J. 7'->-4' i Jgj5 *(D^-r^) Oo*®<^*-»»)
4 .  8 ' - > - 5 ’ i ^ c x ' ^ W
5 . 12>->.9' -*  ^ox
6. -i Jox Oo»*(i(.-«J
7 .  1 4 - 1 1  ’
8. 16-*15 -4 (J *x*Jbx«0X> I ’
I
Cootlnattoa lln«« |
9. 8>^4' I Jjj* (
10. 7 ‘ — 5 ' * ^ C X " ^ W  I
11.  1J*— 9 '  -4  Jq , ♦<r_*Dj Stn*{«_-i*L)
12. 12'-.10*  - i  J q j SU»*(*_-JIJ
The exi>ccfeed sfcrofi^i I t m s  are id^tifl©d with thm 
lines at 0, 10*34 & 20*73 op^ * la  th« obaeanred 
vlth the line at 10*34 <^s* belog assu^d m  a m^efpositios 
of tM6 strong lloes* The tvo doublets are Identified vitli 
the lloes at 3«9t Be, 6.47 cpm * aad 14*79 & t6«03 But
aa unai3ibi^ iK>u8 a ^ ig p s a m t of the lines to the transitions
cannot be mde unless ^ e  signs of the coupling oonstants
and CTax +Jb)«) 'ismmk, ^  assuming the differ«9t 
possible eoabinations of signs for these oonstantsf the fol­
iating values are obtained*
Ucxl-- U ax- ^ bJ  -
2. I li -  F+1 l-L j: o-a, c\)5 «v 2..t t o - a  c^s ]
^  2L 1 I l _  -  F_ I r a . G  ±  0 . 2 .  c ^ s  «v l . a .  1  q . 2  c^s
acoordins as positive or n^itive respectively*
The m a k litte at t9*11 ops* ia then one of the foar 
cec&imtion linee^ and ite final is laade later*
By ooc^ saring the value of obtained here* v i th
■^X
the H»F eoupli ng constants observed by ^rlier workers (2*6), 
the proton uhich is ortho to fluorine is identified vith C. 
Then T and are the oeta H-»F coopling constants*Ax
(b^  C 3pcotmai«» the theoretical spectrum ot C» giv«n in 
itible II*4* «an be suMrsided for coaveni®sce of id«niiri< 
tlon la a imaoir «xactl;^  siailar to the ease of th© X ii^ ec- 
tnffl. But the ooiablUBttoo)ll»es ta this ©as® majr be consi­
derably stroager than la the oase of 2 as the c^ealcal Alft 
of C with reepeot to kB la not very large#
ilie «cp^ted strong lines are identified vith the 
lines at U07, t0*77» 11*68 and 20 .^  0 |>8 * of the obsenr^ 
epectnsn IX«1(a) ^ t  aiiala proper assignment descends
on the signs of ooupXiag constants and ^ac t so
that as in the case of the X ^eotnsay the aagnitudes of 
these are dctemin#d. 13iey are
lo.i + o.a c(>s U bc-^VI'-
Hie value of T ^ obtained agreM veil with that inC A N
thus providing a c^eck on ^ e  assigmsent.
The doublets in the C speotriKi are cheoked after
the 4B ^ectrtiQ has bem tuialysed*
c) AB Spectrumt-* ^ e  theoretical AB spectrtKa# giv«ti in
table II.3« consists of four qu^tets Mhich ma^ be calld the 
quartet* quartet, qoartet euai quartet r^peo- 
tivel^ r* Xhe frequec^ sy and int«isit^ distribations in evezy 
one of these quartets are ^ust similar to the quartets in the
ABX of i^ootra (2»3)» The fn^uensies of the qmrtet
oeaters*  t o r  th© O.t ^.9 ^  9 ^ « a rt« tS t w l^  refereaoe
^  glirea respectively W
3^ ,^  + ^ ftc ^  ^^  Ax ■*■ ^ &x^ _
a^c''" <^Ac ^ ~ ^ay)
. . . a n . 8:
\
 ^^ ac ^ e^.x^
01^  of til# Qi^irtets cotssists o f a  : ;^ r  of (^sbXete 
i^09« 9^&mtHm  Is , a^  the sei>aratioa betwi&en a lte r ­
nate Xin«& In a qtuartet is  21^ or etc«> acoordit^ as i t
i s  a 0  ^ atm rtet or tu a rte i etc.
As the frequencies of AB sp^ jtrusa r«aaia unehangei 
If X^g is replaced by -  I^ g^ o^aiy 
the aoalysis.
'AB can be foiind froa
?roQ the obserred frequeaeiest trial ana enror» 
three qtmrtots are first pieced up idth centers at 44*2»
49*3 aitd 53*7 ops. Ihe sctparatioas between alternate liaee  
in these q i^ rte ts  are 9 ,If 11*6 ani 4*5 epQ*t re sp ec titr^*  
From these tliree quartets i t  is  foimd that
AS = a . ^  10 - 2. c^s . • • Cti
For the fourth qnartet it is necessary to asasse that the tv9 
central lises coineid%withir« esperiamtal error» to f o m  a 
single strong liney and this was idontifi^ with the line at
49*05 ^ 8.» in the i^cotriM* HoVf fro^ the ^ressions t t  
for the intensltieBt it vill be seen that in this ease Uie
two o u te r l i i » s  o f the q j a r t e t  would have aero la te ii^ it^ t 
l.d «  the  q u a r te t r ^ c e s  to  a  slisi^e i n t ^ s e  line*  rh ls  i s  
supported by th e  fa e t th a t ao l la o s  a re  oijsersred separated  
by 2 .9  ep8*» on e ith e r  from lh& X Lm  a t  49*0^ eps»
#»
(A) Signs of th< eottpXlg^  oonstants»* Th€ four quartets is 
the AB spectrum aay be assigned as 0^  quartetf q^rtet etc.
depending on the frequencies of ttteir centers. Bat this* in
turn# depends on the signs of ^ i c i i are
not knoim. If and are the frequmci^ of tfce
four quartet centers such ^lat .i assuiLins
different coi^iisitions of si^s of and f 1^^+ )
four different ateignsents are possible as giY«i in Table U « 6*
Ely coaparing th e  v alues o f smd | 2i_-
fo r  a l l  the fo u r assigtm efits ^ t h  tio se  obtained in  th e  £iz»ily- 
s i s  o f  XI|)e0tRBa, th e  corresponding sign  o f 5 :x 
in  e a ^  ease . th i s  i s  g iv ^  in  the l a s t  c»>lt£sn o f ta b le
The co rrec t assigoDcmt among these  fou r aay bo 
found by ca lcu la tin g  the frsj^fueneies o f  ttie doublets in  C speo- 
t r t ^  a !^  Hie veak co i^ in s^ io n  l in e  in  t  ^ectruni»  and  co^)ft» 
rin g  w ith th e  obscrv'ed freq u en cies. H its ca icu la tio r^ in d ica- 
ted  th a t only assigm sttats 1 and 4 would g lre  s a tis fa c to ry  
agreeetentt thus ru lin g  ou t a s s i^ s sa ^ ts  2 @md ? in  TsCble II*6* 
Ihtt« U  U  coMludwl  ^( Jax-^ Jbx] a>,a J,.*
a re  a l l  o f  the sasie sig n .
f;u5LE 11,6.
or auAsiETs is kb a?i.cxHJM.
Sri* Sign of Sign of
----- .1^-- -4^ ---- i
hm i& im n% of ^tmrtets 1 Inferred *
No,
'Jcc 'id
sign of
1, ♦ K F. +
2.
-
•f
♦
3. ♦ - -
4.
-
-
•
t. ■■■<ini ,■■■11
*  s•e t m t i
F W
h(0
UCft^
NO.
The>&e tm  assisniMSts (1 & 4) sXrm « a ^
frtqucneies aad la iM slilM  for 43» C St 1
(▼) a^aolts;
Th« value* of(V'’6),(Jjc-Tac) *“ * (^i»'^8x) 
fo r asst^n^rioat ^  f i r s t  eoleu*
la tlng  CoS i. 9^  ^ cos i .4.^ , F_ Cos2 c}>^ and li_ CoS 2. e_ ore
= 5.R cf.s ^
■• a-° \ • • •
Jftv- U x  - 2- •’
Us.© f e to r s  CoS 2. etc* cai a l ^  be m3^ tlire«  !»it
tills oq3^  istep^^B^s roles of A mA B la the above
values*
Ail the pamseier^ tmsi thim aaolysis
aB(y Uiaci bo 0tiiac3aris«4
S) ^ 1 - 2 .  = 3 5 - 3  C|>5 . ;
(1 . in
'AX
* Calculatiaa on the bouile o f OMBi&s^ont 4f reverse
Ui« signs of the ooupllDg constaata and
CoS 3-4>^.))^ oogmi jiojQ 1^  2F.«^*3 oooordiag to this
o6Qt« iiu i t t iu  U  Qot )m a  la  t ik  m lo a la tlo n  m
is hl^ily ^Risltlve to s m U  errons in F • this diffi«atr 
is reooved %r portoi^tioQ calislatioos vi)
(▼1) l»crtiurt)atioB Calculatlona?
\n attest has nov b««B aade to refine the 
analysts pertur^tion ealeuXatlons. Ihe procedure 
followed for Uiese ealoulatlons is slailar to that used 
by FesseaUenn and iteigh (14) in toe analysis of the speetno 
of tran^propenyl bonseac* Consider* for ezaa^e« the 
factor of the secular equation for obtainli^ the enersy 
lenrels 3»4 and 3*
3i ^35 '
^4-3 3< = 0 ClL.12.)
^ Si 3^ 3 4. ^S5
We have earlier sot ^ ^4* and
as a first approximation and diagonallsed the matrix i*6,« 
the lover quadratic block of the deter&iineat is solved. 
Ih 9 resulting eaerssr levels are
e'^1 v-J.-V-’O
D. CE.13)
_ Cot-)
( (ot^ denotes fee values vifebout appXlotion of the
perturbaticm)
Th« corresposdtog wave fimctioas are given
Co fv I
h
f
. o<. (i oL
H.\4)
Cofvl C“tv) C^t''^
*0* ^3 j *4 ^5 elgeafimctioas of the
llasiiltonian
!K = ?■ A^g, A^)C  ^A •
^ • • C5i-‘s3
The remlaing part of tha totaX Ilamiitoaym (me in Iqns* 
(I«1)» <I*2) jb (I«3)) c m  Qow h6 treated as a perturtAtl^a. 
If this Is called then
Cl^ )X  w in not hare any dia^se^ ^@:ii@it3 i.e .*  the firs t 
order perturbatloa energi^ mre sero* fhis is hoeause 
and have already been taken iato aooount to the ext^t 
they affect the diagonal catrix elecaente in the secular 
equation. This is clear tsom B|ns« (11.15) oM (XI*t6}«
Q\jo)
The off-diagonal elesieEits of K  are given
the follovrim relationst
Civ')  ^Ci-»<)  ^ Co^ \ C'^'i (o|v.)x _ T, c a 'K
^34 - ^ h
. CoS C i Jrc  ^■'• '^■’^ ® + ^ “£
Olv) C'h')
O l.W (
is ' -^ 5i
0 M
:k
-. - Si-r« I ..(i n
4S
3
now tbe eaer are calculated by the second order perturbor- 
tloa forsatla
r — L — _  ... (Tt-.S)
*V " • •AM ^ T ,
■ y\y\ -  3< k k
51 denotes m M xm ,ttm  oyer nX l im iues of k exe^t it «  n .
K>x
The oorrespondlQs wave ft»otioas are obtained by the foraula.
K  = K  %  £  K
-  E.n '~yy\
I
L
» : r  x" ! '  _ j k T i r i V "
C t r " -  e “ ” )(e " - e -")
liow, using  the valu es o f the p a r^ ae te rs  In  B^*(IX.11) 
and ^ t h  the help  o f the procedure described by the  eq^uatiosis 
(11.12) to  (X2*17)t the ^rrectioits to the d lf f e r o i t  e t ie r^
Cofv)
le v e ls  = have been obtained by (II*1 8 ).
Ih l8  so rreo tto n  Is m t  m r e  than  0*6 c^b, in  any oaset amd ie  
n o t area  t t ^ t  ssjch fo r a n y  le v e lg . This J u s t i f ie s
th e  i^pproxim tion t ^ t  hm been used* in  nm* ( i i i )  to  c a lc a - 
l a t e  the e n e x ^  le v e ls .
The co rrec t ioass for the trttosition eaei^ies a re  
then ealculatedf md analysis^ carried out taking these 
co rrec tio n s  in to  aciD vntf y ie ld sa  aev s e t  o f  parasieters 
s l i ^ t l y  d if fe re n t fro ^  those in  Sj* (XX.l t ) .  The p e r tu r la -  
tio n  calcu]tti(H is and a n a ly s is  a re  r ^ e a te d  onoe a ^ i a  viU i
this fi«¥ »«t ^isuaeiersf aad Uils the eerreotions to
the &ier(Sf levels are found to be the
set of paraseters flrially obtained oa^ be aasmrlsed as 
- '‘u^ o * ^37.0 t  0*5 <Jps.*
** 54*1 t 0.3 Cps. * 0*2<^Si
_ -5^  « 40,6 t  0-3 cps* J e j » 0.% i
a r m  %
JabI
m r m
«s
p
^cx
»
•
^BX
at
» 6.5 t  0.3 m 10.35 *  0.2«^».
» 6.4s ;fe 0.5^«.
« 3.% i  0.5ep«.
- .  (Toi
Usioig these paraaetcirst the escact wave functions are calcula­
ted using Bi* (11*19). these wave fteetioos along with the 
corrections to the corresponding cffiergy levels are giv«i in 
table 11.7.
The traositiOQ frequencies and their illative inttto-
si ties eal^ilated on the basis of Bg^ * (IX.^) for Itoe C
and X i^eotra are given in Tables (II.3), 21.9 aa«i 12.10
reap«ettveljr alon^ with ^e corresponding obserred fr«iueoK
1des. the calculated H and f  ^ ^ectxa are shown In TIq b»
XI.Kb) and 11.2(b) ros^tively.** Tbe agreeamt between 
observed m d  <»iloulated s£>eotra is fairly fiB&tisfactoxy.
* The bulk diaaagnetlc susceptibility correction U  not 
£^ }plied.
«  rhe line heists In Figs. 11.1(b) & 11.2(b) ai^ dxmm  
rou^ iiljr proportional to the calculatedl r^tive inten* 
sities. It be noted that in t^e obserred speetrua 
the intensities arc ^ven b7 ^e areas under the lines.
Fwet •Igm fuaotions obtained aft«r p«rturteiioo «aou latioas  
and lh« 6orr«otions to the oorr««pondin$ tnergy
IkhLiu XI.7.
state* WaT* funetton ^ Corr«etlofi to the 
•nerg? l«r«l A
3» ^  ♦ O.ia ^  ♦ 0.015 ^ 0,58
4* -0.135 + 0.94 Jfj ♦ 0.355 4 -0.55
5* 0.025 ^  - 0.335 <0.9«5 ^ -0.03
6* l<g ♦ 0.115 * 0.01 0.49
7» 0.10 ^  ♦ 0.825 Jfy ♦ 0.565 fig -0.38
8* 0.055 ^  • 0.615 ♦ 0.79 ^ -0.11
9» 0.99 ♦ 0.125 ^o«).02 0.02
10* -0.13 0^ * 0 .9 9  0^*O .U 0.59
11»
-0.005 il| - 0.145 ^ 5* -0.61
12« 0.985 ^ 2  * 0.16 *0.02 o.oa
15*
-0.169 ^ 2  * ^ 3  * ^ 4  0.48
14»
1
-0.005 ^ 2  -  0.12 -0.50
• 1S9S> M Sa T»6lt IX*1«
t  ^  ar« th« s«ro order •ls«wfuQotion«i as in  ::abl« XI*l«
Caletalated trmnsitlon fm M cte les ao4 re la tiv e  in tim sitie sf  
and obs«fv«d fr«ittenei«s for  th« AB sptotnsa.
tA3Lh
' T r a a a l t i o n  
H o .  t
C a l o u l a t a d  O b a e r r o d  ^
t w i u m u a y *  f r ^ u o a e g r
■ '  fn C C 1 h
C a L e u l a t a d
f i a U i i v a
l a t o i i a i t y
2 57.45 57.22 0 . 4 0
10 56.48 56.51 0.77
3 54.51 54.51 !  1.56
11 53.66
53.75
1.30
1 53.20 1.32
6 51.57 — 1 0.05
4 50.33 j
1  5o.n
0.22
j
U 50.07 i  Ii 0 . 6 9
5 48.72 1
49.05 ^
1.66
7 . 48.72 I 1 . 7 7
15 47.24 47.46 1 1.37
8 45.87 --- 0 . 0 1
9 44.86 44.96 1 1 . 5 4
12 42*04 42.04 1 1.01
13 40.91 41.16 1 . 6 0
16 3 8 . 0 8 38.15 0 . 8 8
t Kos. a« in Table II*5«
* n t h  ♦8*72<^a.
#  Standard d«?iatioa« var? batvetn 0*05 and 0*l8epa*
Calculat«d t««nsitioa fr»iu«nele8 iwd r«IallT«
and obs«ived frtquMclM for th« C rngMrm*
lABLE 11,9>
rraaaiiioa
So* -\'
Caloulatod obsarred =i^ 
f re^ooaey * fraquenoy 
(la 0|>a«) (is oprnm)
C&louXatad
Ralatlva
Xcit«aait^
10 23.92 23.59 0.03
1 20*64 20.57 1.39
3 19.69 19.73 1.18
2 12.33 1 0.73
12 11.74 11.68,
j
0.25
5 11.34 10,77 1 0.73
4 10,37 1.27
7 8.87 9.07 0*89
9 8.06 — 0.03
5 2.58 2.52 ' 0.67
8 1.08 1.07 I  0.771
11 -^.29 0.00 1 0.17
-V Hos* as In Table II»4
* wtth • m^Ocps,
4^ Standard d<viati(»3« vary froffi 0«05 to
C&louXattd tnuiaitlon frequeaoUs and relative ict« i6 ltieft»  
and obMTVtd fraquenoies for th« X spMtnia*
TABLE II.to.
rfwiaitioA
So.t
Caletaatad obaarvad ^  
fraquatkey * fraquane? 
(in <^a.) (in epa«)
Caloolatad
HalatiTt
1 20.64 2 o , n 1.00
9 19*00 19.11 0.10
It 16*50 --- 0.001
5 16.13 16.05 0.96
4 14.77 14.79 0.91
to 11.90 --- 0.06
2 10.57
10.54
1.03
5 10.26 1.05
6 6.43 6.47 1.00
7 3.96 5.91 1.03
8 0.00 0.00 t.OO
12 -5.20
1
0.001
t S08* as In Tabl« II«5*
* «itb • 10«32ep«.
#  standard davlatLoas Vaxy baivaan 0*07 and O^Hepa*
(vii) Slgcua^oat«>
The values o f dlffemit eoopllng constants 
obtained here ooapare favoorahly irlth those obtained by 
earlier wzicers But the t m  m w . eouplii^ eons*
tants aiad ob^lned here dlff^ i^mslderably fro m  
one anott-^ er*
It has been fomd definltel^, fro» the amalysie 
that t^e ortho and aeta !i-7 coupling oonstants are of M  
sanie sifps as the ortho and para H«-f! ooupling constants* This 
supports the observation of BalCt Bhoolexy and tfiUiasui (S) 
in the e&BQ of deuterated fluorobensones*
As repressts the para IMl coupling constant 
lAen is poeitif©, m  find tl^t ^ e  proton paim
to C (i*e» at t^e position 3) is l^uit a^ielded of the three 
protons in the aolecole* Ihus the th^m protons are idKiti<> 
flad froi^  the analysis. :rhat the A»B ft C protons, as given 
in Fig* XI*3 are shielded in the inoreasin.; order of ssagni- 
tude is In confonnity viih the results obtained on the ohesii* 
cal shifts of ortho9 E ieta  and para protons in laoaosut^tituted 
bensenes by Oorio and Dailey C9§)«
1« Baktr* £• J , Ch«Q» Phys. ^84* (19!>5}*
2* GuUvskgr. Ii» s., uolm* C* H*. Saite* 4* and WlliUae»a*A,
J* Aa« Ch»a* aoo* 22.9 4396 (1957)*
3* Bemstela* a* J«» Pople* J* A* and 'flhneider. v« 0»»
Can. J. Chacj. 65, (1357).
4» PopXa. J* Qhneidar. w. G* and 3amsteiii* a* J«,
Can. J. Cbaa. 2^, 1060, (1957).
5. sohnaider* v. G.» 3ematain. n. J. and PopXa. J. A.,
Can. J. Chaa. U87» (1957).
6. Bak. B«t Jhoolaiy. J. S.# and williaaa. G. A.,
J. Mol. Spaetroaoopy. 525# (1958).
7« HL^rda. R* F. and rchaaffar. T. ?.# IVHoa. ?a«ad. 3oe. 
5i, 1200, (1958)1 1447, (1958).
8. Bldiarda. n. £. aad v^ ehaaftar. T. P., Pioe. Eojr*
(London), 21§A, 429 (1958).
9* Laana. B. and Hioharda. R. E«, ?i«na« Farad, soe.
707, (1959).
10. Faaaaodan. R. V. and i^augh. J .  S .,  J* Q im * Pisym* l i ,
996, (1959).
11. ¥llXjUb3a. 0. A. aal Oatowaky. S. J. Ghm* Phyn*
717, (1959).
12. Coflo. P* L.f J. Chao, i'hya. 22. 662, (1959).
13. Leaaa. J. and Sutoliffa. I*. H«, rrana. Fafad. aoo.
508, (1958).
14. Faasandan. R. tf. cmd J» S», J. Chasa. Phjra. 30*
944, (1959).
15. Corlo. P. L. and Dallogr. 3*?., J. Aa« Cham* :^ oo. 78,
3043, (1956).
cuK^tm i ill.
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The ^«etra of a msiibor of p<-4l8iib8tl^t«d hmm&ma 
were aaalysed earlier \sy Rld^iar^ & S^iaeffer ^  assualikg 
that the two oeta a«li coupl-laig; eoostayats are and that
the para H^I eoupXlog oastaot is sero. In the pr^i^t lork 
a aetiiod for analysing this type of spectra to olrtain all 
the paraaeters* vithout sii^li^ii^ assmptions, is
proposed. Die protoc resooaoee ^ectr^ of P-^ roi»cliloro» 
beas^Wy p-Chlorotolae&e and p-^^hloroio^b^iizene are obtained 
and emalysed as examples all the parmsters are deteroiiied 
in each ease. The general fora of this typ« Qf spectra ta r 
different values of che:aical ^ift Is discussed*
(1) lRtro<hietioi»
The general theory of the spectra of &ur spin 
aysteB»« tthioham be divided into ti«3 pairs of tvo e<iuiYal^t 
nuclei (A^ has been discsisaed by fople« Sdmeider k
Bextustein (t«2)« iliey ^o%ied that the total n m b ^  of traosi- 
tiOQ£ in the sp^trm are 28f out of ihere are four 
combination traasitions* and aa<mg the reoainin^ ; tra&sitlods 
12 aarise ^ e  to the tvo *A* mielei and the other 12 due k> 
the two *B* noclei* ^bese 24 tzaositions have their frociiMRW 
cies sj^ raafttrieally disposed about the center of ^ e  ^pectrua
transitions fora a airror iaage of the 
*B* transitions with respect to this o^ter* Explioit 
expressions, in teros cf the insrolved paraoeters» can be
derived tor only 6 of the 12 (©r B) traasltloaRt a» I t
Is necesaary to aslye a 4 x 4 deterstnmt to ©ttaia the 
esq;>resslons for four of the energy JbBvels ImoXreA la  the 
reoftlftlng sU transitisns. A strai^tlforsfiird asalysis 
eannot therefore be carrleil out, and the i|>eetn£:3 depends 
OR the cheQlceO. ^ If t  mtd ahe ooupXli^  constants in 
« tmthcr coG^icated mmaer, o^pXe et«al C1fS)> lovever, 
proposed some practical m&VtiodM o f aimlysls for aaso 
speAil oases of this t^ e  -sf ^eoira (d.) the two AB 
coupling oonstonts are eqt^ and ((fe) yltim one pair of 
nuclei are aore stroasiy caoapled tbaa the other.
The spectra of p--disubstitated beiuB^^ (i^ere 
the 6ul»5tit!ieQte do not interfere in the i^ectran) belcsig 
to a d iffer« it ease of i^ ectxay as the ntieXei is each 
pair are strongly o>upled to s ^ rly  the esit^ sit* 
Richards and C i^effer (3) (h e r^ te r referred to as KS) 
have recraatly studied the proton resoaanoe spectra of a 
nuBber of t^ ese coap>unds at 29*^2 l4c/oec* They haare cade 
the s i^ lify in g  assumptions^  in a ll the oases^  that 
and J* « 0 (Fig* aad carried out tho s^ialysis. 4s
_ _____________.>j'a6  J  ^
'*6 /
FLi JU.l
tibava la ter  in th is chapter there Is x» presslzig necessity» 
to%)«yer9 to aake t}»se assosptioos for aaalyziag these speetra.
Ve bare here studied agaia three p-^isubstitated  
bens«tes at 40 Me/See. 4a esaot axialysls i s  done vitheot 
laaklng an^  special assos^^ionsy and a l l  the pazaoetors are 
obtained, k general method of analyzing spectra of th is  tyi»e 
i s  proposed.
( i i )  raperiaeatal:
The soleouiss studied here are p»broaochXorobeQxeae» 
p-ciilorotoluone and p^c^orsiodobeszeiiie. M X the ooo^ pounds 
are obtained froa Briti^ Drtig nouse» and arc used vlthout 
further porifleatioa* p«ChlorotoIu«iie is a liquid* and the 
other two coq;»ounds are aslids* For p^ i^ dlilorolodobensttie a 
elution in ethanol t and t i t  p-^roiao^orobensene a solation 
in ethcif are used for tbe ascperiacsit*. I%ie absolute c^ cssical 
i^ ilfts »re detennined earlier HS m d  are not dei^mixd 
•gain in the present «ork. H w  experlasntal spectra of 
p-bronMliIorobMseaet p-*chlorotoluenSt & p-€diloroiodob«isese 
are shown in Figs, Ill*2(a), llX*5(a) a M  111.4(a) 
respeetlT^.
* These solvents are the sassQ as those used ES for thei 
Ids.
The observed li&e positloas ar« all expressed with 
reepeot to the center of th£ spectrum* i& eeich case» to 
facilitate CK>s^ E»url^ n with *;he theoretical s^^trucu
(lit) Method of AnaXysisi
There are five parasieters to l^ e obtaiisd  from m e  
analysis out of whlsh one is the ob^lcal iiift betveen the 
two equivalent sets of nuclei« and fosr are spin coupling 
coast^ts (See fig* in«t)«
The co&^ te  spin oatrix  for the A2B^  ^ e  of 
ooleoulBf and the elicit espreeslonsf for the energy lev^s 
and the correcpooding wave function %  and transition «iergi«» 
and tiieir relative iat^ fisitlest in  Gs^ ees ihere these can be 
derived, are given by Popl^f et»al (1»2>* Xhe iKitatifm 
oaployed is freely used throi;^out this ciia^ ter
without ^ecification. The calculation can be c^avoiientl? 
dene in teras of new quantities St I ^ fln e d  as ImsIovi
t
K » J .  S - J  + J
^ ® , 1  (in.D*
Bi^Xicit e^essio n s for m^rgy Sev^s are 
efluiiXy obtained for all but four lerds itti^ weve labelled 
as 1«Q% 2«Q*t * ^  nec®BMury to solve a 4 z 4
detersiinent Ibr this and if we denote the mergy values 
coxrespondlng to these ^ r  states as and
r e s p e c t t h e s e  stre given tgr the  roots of the fourth 
power
QKtt)
I  O . . .  C3S  ■ • i )
4-
Hie exact m v 9 functions for these foar lev’els can 
be eararesee^  ae in Fq» If \  Isioim
these wave ftinctioas can be oaXcmlated with the hcilp of 
Bine. (1 .5 ), (1.6) ( I . t ) .
Stx of the tvdve *A» (or B) transitions imoXve 
these energy level e and the ^ergies of thesetransitlo*^ EHjT 
be expressed In terms of mnd, the transition
energies of all the 12 *A* (or B) tfsssltlc^ns aodi their 
relative Uitcasltles^ are given In T^>le XIX*1«
To proceed vlth the aiuU.ysl9t taking a typical half 
of the spectrom  ^ the lims t 3 (line Hos« as in Zable
"WiCX'y I^vS*: l»C ccie:Yv.V^ j^tc£j4
I I I .1 ) ,  The Identification is easier i f  m approxinate value
A
of H is kxK>%m« as the separatloa between the lines is S*
(In the of p-H3ieubstltuted|b^cmece8 9 is eqitial to Uie aoni 
of ^ e  ortho m d  para ootiplln^  oonstantst he
ejected to be nearly ab<mt 9*0 ops, fr<»3 &e kzfeoim <3ata on 
tiiese constants in other oottpotmds. It is reasonable to 
expect like this as the oot^liag constants are notf in general, 
found to be m th  flmsitlve to axbsti^tion)* If these lines
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ar® f  ixedt a t le a s t tentailv 'ely, aM S are easily  
oh%a ined.
In oolcoules liiie the p-disabstttute^lWamaiftB <me 
expect the value oT ^  to be sa^lt and H and L
be nearly equal* Tben the lis^ S and 10 vill lie 
^lo«e to 1 m d  lir»s t1 and 12 vill i t lo m  to 3» soBietlBe«»
A
timm  lla e s  (9 to 12) say i» t be s^^^arated m ffio lm tly  I tw  
lin es  s a t 1 and 5# to be ol^erred. r^ese tsaositloos 
ti^erefore be ooosidered a t tbe m d  o f  ^ e  asalysis*
We v i l l  Qov be le f t  with tl»  six  traasitio as
2t4t^f6f7 It 8 and these are determiocid by th e  roots of tke
2
Bq.* ( I I I . 2 ) 9  in i^iGh tifo q ^ t i t i e s  t  asd L are yet to be 
detcrained m& II are already la«»m from the identi* 
float ion of lines 1 and 3), Fron tab le 111.1 i t  can be 
seen that !^e euia of tcaasltion  fre^aen si^  c f ^ and 8
y
as well 86 that of 6 and 7 are to th  equal to [^C 
Tbe valt^ of th is factor is  Imoimt therefore ve can ^iok 
up from the r«st o f tfee lines la  the ©bseiired apectrms tiw 
pairs of l i t ^  sudi that the sum of the f?@tu^cie& of Uie 
lin es  with r^ e c tC o  egt^^l to
N^j I f  the frogiieiiciee of tSiose lines are, say 
aad ve find th&t
^i= - _____i ^4-' “ __ ! ...C3d:.3)
Fioa ^ie identification therefore get
two probable values for and two for E^ t out of vhieh,
one is to be discarded in ea<A case. If we substitute
tliese four toots of £ in t^n. (III.2) we get four ^uaiiose
2
ea<^ Urrolviag S and I •
hs aentloned earlier* we icnow that ^e values
of L and H are near to eac^ o^er# ^  the para £Mi ooupling
constant is expected to be aaalX. oOt tentatively putting
L a H (S being known alrea^) K might be detexmined fros
every one of the fmar equations obtained above* Now the
roots of Ey yield the values of t  that are positive
and close to each other and also lying ia the reoigo esti-
oated froQ ^ e  known meta coupling constants* are
(^osen as the proper roots and irhe oorrespondiog
2
two equations involving S & L can then be solved to 
obtain K and L.
;%e other roots and ^  can be easily detex^ 
ained «nd if^e lines 2 and 4# involving these eiergy 
levels, are satisfactorily accounted for* in the observed 
speetnna* a dseck on the above idoitifioation of lines 
5*6*7 & 3 is obtained.
Smetim«^it £»ay be possible to find laore ^lan 
two pairs of lines su^ ttot tlie sum of the frequ^ raeies 
(with respectto' eaedi paix is eqial to
n'/a.
[ C within 9xperim sktaX error. Ihan aaoag 
thMM pairs* t w  siicmld be &ioBOk suoh tiiat the obscanred 
spectroa Is propct'ly scotHsitsd for*
Sons t r i a l  sad  e rro r  oaleulatiofifi arS f there*
tKt
fore, neeasssiy  to decide t9 <» proper s s s ig n a m t. Furthert 
at two stages in the above procedure# firstl^ r for the 
Identification of lines 1 and ? and secondly for deciding 
the proper roots and a imovle^e of appzozi@ate 
values of the coupling 0(mst£mts is said to be neoessarir* 
IhiSf however* does not plaoe an^ drastic limitation on 
the laethod (escort that raore trial and error caleolations 
laaj be necessajy) as ans^  particular assigofsent is ultioately 
d^eoked completely for internal CK)nsist«!^.
A fter s a t is f a c to r i ly  assig n in g  l in e s  1 to 8« 
i f  son» lines in  the observed spectnsa are s t i l l  l e f t  
unassigned, th«CF bo assigned  properly  to tra n s it io n s  
9 to  12 and the value of M siay then be <^culat^» Ifow^er* 
i t  laay be noted timt the mlue o f H i s  very s e o ^ t iv e  to  
s l ig h t  errors in the line position (evm within the l im its  
of expertoen tal e rro r)*  and ^erefore* m  appro3^iaate 
value o f M m y be e s tk m ted  s u ^  th a t ^ e  c a lc u la ted  
fr^quoicy agrees witti taie observed frsqtueney* w ith in  
p^Soaental orror* I t  is usimlly diffioult to determ ine 
the  sign  o f  M* a« th is  osun only be done i f  the in te n s i t ie s
are acouiately 30, I t  oaanot l>e fom^i which of
^  two sieta H«ll coupling constants and is Xazgsr*
The relati?© signs of the ooi^ Xizig constants 
cannot he (ietemlned in this analysis and all ths coupling 
ccn£rtantQ arc assui^d to bo positivs for th e speotxa 
aiml7|0c.
( i v )  P  *
Following the abo^e nethod, the lines at
t,50ops ana 10*40^s wiMi pei^sct to the csatsr of the
C  Fi'3 m .
speotna are assigned to the transitions 3 and t res*
'4
peotiTely. Proa this m  obtain S « 3.9ops and[CS>^ s.:)%Ki^  ^
11*5cps* Hie %m liM m  at 4*30 and 7*T0^s are assigned 
to the transitions 6 and 7 t ^nd Uie line at Oops is taicen 
as (mo of Uie ix^isitio^ 3 m d  3 (Brim if ene of tiie 
pair of lines is identified the corz^aponding root of the 
ivqn* (XII.2) cmi be determined). The lines at tO.9) and
CL
1.10 a lso  s^pes^ to be plmisiMe p a ir of lines to be
A
a4Msigned to either the ^ 7 Qt 3 ^ But»
this %ma finally discarded as the assigoment on t^is basis 
does not acootxnt for ^e line at
The parsuaeters obtained is  the azialysis are 
given in Table me lin e  freq iu ^ ie s  and r ^ t i ¥ e
i^Cl I*? I
V>I 
I
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CaXouXatttd Iraasition fr*iu«nei«« aad r«latiT« itti«uiltLMt 
aad observed freciueneies for ?-bromoohlOfob«ns«ae*
HJHsl- III.2.
transitiO0 
Ho.*
Calculated 
freque&e/ 
(IQ epsO
ubeenred 
f request » 
(ia ^ s.)
Calculated
Relative
lBt«asi^
$ 11.90 1 0.05
2 11.06 10.91 0.21
1 10.40
10.40
0.25
9 10.16 0.13
10 9.79 9.81 0.15
6 7.65 7.70 0.29
7 4.25 4.30 0.42
11 1.74 o.snr
3 1.50 1.50 1.75
12 1.37
1
0.85
4 1.11 1.10 2.23
8 0.00 0.00 0.61
(Calculated end obserred frequeaeiee are gtTeo for a hoXf of 
the spectrua with reepeet to the center-^ c
• Mes, as In table IXI.I*
standard derlatloa vary betve«s 0.07 and 0«15«pt*
Intensities oalmdated on the basis of these paraaeters 
are given la fable 111*2 ^  aloisg ¥ith Uie ®cpejri33@itally 
obj»»nredi line frequcsicies* the caX<%ilated spectruu is 
ehovn in Fi^. 111,2 (b).
The par<^ eter£; (mblc are a H  given
assuffilng that It is m% possil^e to 14^ti£^
frosi this analysis, pair of imeXei are ^i^ded
Qore*
im if of tlie observed sp^trus on ^ e  
higjhier fie lil side (^ o>us less detail in ^ e  structure and 
th is is  presui^ly <hi€ *» spia-spin coupling ifith either 
brorains oijdalorUw mtcloust which rem its in a bcroadenU  ^
of the lin es due to quadn^le interactions. Irradiating 
these ouolei (Br or Cl) irlth a strof^ HF voltage of 
appropriate freciucnc '^y aihilG observing proton resonaiH e^ 
Qlght oore BtmGtur® in thc£;e lin ^ «  da th is
Qiethod i t  then be possible det^^ine pair of
nuclei give rlso to th is half o f the spectnBu*
(v) ^^ a:m Chiorotoluenet
The analysis of ^is spectrum is done in the 
sm m sanaer as for p-4>rooochloroben£ene» and ^  parsaeters 
obtained (af^^mii^ givim in Table 1X1,5*
SIM
g
M
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"In
| ? 5
■\!:s
■5
N J
CalculatOii transitioa and rfiil.iji^lT9 iataositiwit
ani ooaexvod fr& ^uorjcim  far p*^lorotaltt«ae.
U3LL
. . ^
Tr^ ndition 
S O t  *
Calculated Observed 
freqyieaey fresiueo^
(i» Qp«.) (iij op®*)
Calculated
uelatiire
lateneily
S 11*32
r
;
iim m M m 0.07
2 10.73 I 0.24
1 10*56
j
10.56 o*as
9 9*9t 0.14
10 9.61 9.41 0.17
6 7*71 7*75 0. 5a
7 4*31 4.33 0*46
t1 1*95 i o.a6
3 U66 1
1.66
1.-^
t 2 1*57 1
1(
0*83
4 1*27 I1 a * 3 2
6 0*20 0.20 0*72
amS ob«err#4 are giir^ ti for n half of
the spectrum \ t i th  rBBpmX to t£t« o«it«r-|- C W ^ *
* AB in  XXI* 1*
t ^iatloae v& rf t-c»tw*«a 0*04 sod 0«09op»*
The lines lii the half of the apectraa on the 
h i^ e r fie ld  side Bhov certain broadening la  thle ca»e 
also* prolm^^ for the eaoe reaiaons as giwm  for p-broao- 
ehlorobeoseiiQ4« The double Irradiation tec^lqoe a i^ t  
ba helpful in this case also to deteraine % i^(^  pair of 
Qoclei are shielded sx>re.
She line freciu^K>i^  and relative intensities 
calculated on the basis of the paraaeters in table 
are glTen in Table Ill*3 t along wiUi the observed fre - 
quenci«s. Xhe caleulated ^eotrua is shown in Fig*XII.3 (b)*
(vi) r^ Mailoroiodobens^ei
Ihe analysis is done on idm ti<»l lines as 
for the other two niol^mles, and ^  parruaetere obtained 
are given in Table X II.5-
ooqparing with the results obtained b^ Corlo
and Dailey (4) on the c^i^ieal shifts in the laonosubsti^ ted 
bcRzoneSy the tvio protons ortho to iodine nay be e3q;>ected 
to be shielded less ui this cause*
Ihe line frequenoies and the relative intwisitles 
calcalated on the basis of the parameters In fable 
ape given In l^ iUile II I .4  along with ^e observed line fre* 
qnenoles* The ealeulated ^ c tru s  is  tbam  m Fig.XXl«4 (b).
0I
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Caloulated trmnsltion end in tcaaitlM t
and obMived fr«4ueQ0 lM  for i>«-ohloroiodob«iis«ie«
TA3LF i n  ,4.
Xxaasltlon
Ro.*
CalouXated 
' frequency t 
(in cps.)
Observed
f re^uenqr ^  
(la eps.)
Caloulated
KelafciYG
Inteosltjr
1
' 5 18.02 18.07 0.13
2 15*65 0.60
1 15*60 0.61
15*60
9 15.42 0.30
10 14.96 1 0.34
S 13.45 13.50 0.56
7 9.05 9.10 0.82
11 7.31 0.70
3 6.89 1.39
6.89
12 6.84 - 0.66
4 6.68 1.45
6
> 4.48 4.53 0.47
(Calculated and obaaxvsd fr«quaaei«8 are given for a half of 
the epeetroD with respeet to the oeater^Q^p^^V^)}*
• 80S* as In lahle
\  The Talue of li ie assumed to ^  0«^^s is eoaparlson vl^ 
the other two aoleeulea*
Standard deriatlooa varjr between 0*06 and 0«198ps»
XABl^ 1X1.5,
Valaes of th« panua«t«rs obtaliMd tron thm aaaXyses (Xho 
▼alu«s obtalQ«d bgr (3) &re glv«& for eooparlsoa)•
Compound , HW 
^0
. HH
. Hfl
1 2
P
U  F^broaoohloroboRsone 7.9 8.6$ 2,9 2.4 o a 3
Valuoa of RS 7*1 9.1 (Itenga l.^-a.O) 0
2* i-ehlorotoXttone 8.5 3.35 2.7 2.2 0.35
Voliios of RS 5.3 9.1 (Hang* 1.5*^.0) 0
}• P^ohloroiodobonsane 20.7 8.4 2.7 2.21 0.3
Values of tS 20.8 9.0 1.6 0
• Th« Taluos a n  a U  glrmi in eps. 7h« orror involved in
any o f tbo paraosters i s  about ♦  0*2op«»
t  vho Taluos In r«forefie#(3)ar« aalfelpiiad fey (40/2$,92)
to oooparo with th« valuos Ln th« present vork.
(vli) Dieoggsion;
The betwcm the c»J.ei2lat9d attd
obssrred s^ o^otza for all the three c ^ e a  13 m tis f iL o U n ^ f  
as a e m  trom I^lee XII*2, 1X1*3 & l l l » 4 f  m d  XII*2«
III*3t III*4 the z;^ thod of anaXyslSf ther^foref api^ eare 
to b« reliable.
IHe ©orrespoadiiig values of the parmmtBTB  
obtained by ES in all thooe o&ses are alao s^ovn ijsi Table 
IIX*5 for <»ispariJK>a,
The ortho coi;^ llas oonstaats obtained
by R3 are all larger than the values obtained here. Xhia 
is beeau^ of the assumption laade by BS that J*eOt and 
the ▼aloe of detezoined bgr thea oorrespoode to *12* 
in the present amlysis*
.11 th e aeta Il-H oouplixig constants 
obtained here are outside fh e range of 1*3 W  2«0epii 
sus<seeted for these oolecules. But BS have <^os4m
different zero order elgeoftBictions for the statee 3Sq 
aad 4Sq» and ao the fourth power efiuation dCt^ csiinins the 
eaei^ values corresponding to ttie state© Is*, 2»^, 3s^, & 
4s*, in their ease, is diff^r»it fr«a Esi* (IlX.a). the 
reason for m  ohooeing these zero order eigenftsKStions is 
not clear from their publication (3). 2he diserei^ inoy
HHin tfa« values of obtatnsd hy th«a h% tzaeed to 
this
All the coupllas ooostuits obs^nred hom $  
agree with the values of the ortho, oeta and para B-a 
coupling ooiuitants In suhstl^ted beoseoes tetemlaed 
by earlier workers.
The v alue o f  9^ h  fo r  p - ^ a r o io d o  b«u»ne 
obtained  here ag rees mNL v lth  th e  v alue o f HS v ^  
c lo se ly  ( la b ie  1II,55*  lioy^^erf th e re  i s  eonsi^tean^le 
diacrepaac^ t ^ t v e ^  th e  v a lu es detera l^ed  here aiid 
those o f  HS (coBverted to  40 a s  given in  Table
IIX*3) in  the case o f p-brt»iOG hlorobe^«ie and p -d lilo ro - 
toluene* fhe value o f  i s  s a a l l  in  b o ^  these  ca se s t 
and i t  i s  sm aller s t i l l  a t  29*92 xised BS fo r
th e  v o r k . The assignm ent o f th e  l in e s  to  th e  tr a n s i t io n s  
i s  u sually  rendered d if f io u l t  idhen i s  msOLl and 
th is  i s  pro&ably th e  reaaoas fo r  the low vajUies o f  -9^  ^
ob tained  HS in  those m sea *  As th e  p r e t ^ t  ez:peri«» 
a e n ts  a re  demo a t  40 Hc/scc* i^ e  v a lu es r e p o r t s  h e re  
a re  i&ore re lia b le  than these o f RS*
the results obtaia«i (Table XII.5) show that the 
^in-^in couplUig eonstants are not oHich sensitive to eub- 
stitation* Ihe ease ooneluslon has also been reached bsr SS.
(v lli)  DgpendgQce of th® Sgtoirua on the Chml&il Sfalfti
In view o f tlie several d ifflcu ltie®  ifinrolvcd 
IQ arriving ftt a correct I t  is
worthwhile to oaleuXate tiie spectra fo r some t ^ i ^  
values of S aus the re st of th« paraaeters re ta in  «ppi«xl- 
aately  the sasie for a^l the p*dlmil>stituted hemmeB*
The oanaer In vhlt^ a tsrploal half of the speotrua varleB 
with s ts schesjati^i^ represeated in Fig* III.5* la 
the limit Is large to the (^ upllitg con­
stats (AgXg case) the half of the spectrua is again 
i^ rsmetricol in the positions of the lines as well as the 
intensities about the center As decr^Lses the 
spectruQ beemaes {pudi^lly unsymetrlcal with rei^ect to 
the center and the intensity of the lines nearer to 
C'^ ft+'^ o^ la^ ^^ ttses, i^ ere?is the lij^s awagr fros ■£ 
dizainish In iatensitjr m d  sooe of thesn oa^ m m  escape 
detecti<Hi at saall values of ♦  Hje spectra (b) and 
(c) in Fig, 1XI,5 are the saiae as those of p-#iloroiodo* 
bensoae and p^rKaochlorebeas«ie respectively* Hie 
spectrua (d) in fig  XII«5 Is calmilated for *»4.0cps* 
Other parameters used In the calculation are
K a 5 * 0 ^ s 5 a 8 . 3 ^
H « 0*5cps L » 8*0^6 (xn*4)
a)
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TABLE III.6.
Typical half of sp«etrue oaleulat^ for th« puraiaeteraf
a^.O^Sf Hai3«5eps, li«8«0ep®, S«5*0©p«» 
and MiiO«3opt«
rransitlon
Bo.«
TraoAition froquonoy
w.r.t.-^ C'^ A+'^ a) in opa HelatiTt Intaoaity
1. 9.23 0.09
2. 9.93 0.07
3. 0.43 1.91
4. 0.27 2.82
7. 3.92 • 0.08
%• -0.05 0.86
5. 9.71 0.025
6. 5.74 0.12
9* 8,60 0.05
10. 8.37 0.06
11. 0.58 0.95
12. 0.36 0.94
* So8« as in Tabl* ZII,1.
The lime frectuenolee aod the r e la tiv e  in te a s ltle a  for  
th is  ea se l eire giren in  Ta^le 1X1*6.
I t  can be seen from F ig . I l l  *5 tbat the 
8peotns3 depends on the ob£S3lcaI s h if t  in  a rather ooa- 
p liea ted  tmnixer^  but the schesiatlc varia tion  sSmm In 
th is  dlagraa s»y be u sefu l In analysing the spectra o f  
th is  type.
h K F h L C K
t# iopl#* 4* A*, toeiain’* §♦ m ^  ii«rft»l«ia* H« /.f 
can, J. C?im* t050, im V *
2 . PQpl«, J* 4*1 V. C* «iil M* J# ,
Reaolutioo f»ucl^r !i#60tnaii««®t
f^ c<}paw-HlU Book Co*t Iac.» ¥6i^» Ctf§9)*
3* BtciMird«* s.* 1* a n t sa m e ffe r. f#  s»o,
51, 12S0,
4» Oorlo* P« Im and t* I'*. J* 4si* €h«i* Soo« 73,
3043, (195S).
PBOtOB R£;^ IiAiC£ UP£CtBA Of 
J3 ASO / PIOOUIES
CHAPirS IV,
PEOXOH RESOHASCB 2EP£CTRA Of ^  M Q  ^  PIOOLIMSS.
A B S T R A C T .
13i« protock reaonaunoe spectra a t  c/., p  aad'/pieo«‘ 
lines are obtained an4 analysed to dBterolne all tb e pai»> 
aeters iRVOlved. Itte speetra belong to the classes ABCX^
ABU and A2X2 roi^@ctirel7« 13ie parameters obtained la 
all these cases do not differ ^ ery aadi from  the corres- 
ponding parssaeters in pyrld^e sp^trua analysed by 
ochneider et.al.
(1) Introdnotloni
The proton resoi^noe ^eetra of pyridine and 
soQe aethyl substituted ^ n^rldlnes (plc^lines and lutidines) 
vere studied earlier by Baker (1) and Berosteln and 
S<dmeider (2)» These vere dot:^  at lov resolution (about 
t In 10 ) and vere not ^erefore completely analysed to 
deteraino all ttie paracaeters* Bohneldort Bernstein and 
Pople (3) hare recently steadied the ^ectra of pyridine 
and ^as deutorated pyrldines under high resolution (about
1 in 10^ } and obtained all parameters imrolred by an 
exact fsalysis.
In the present experiaents the proton resonance 
spectra of mad V picolines are studied at 40 Mc/Sec«
Q
under a ceoolution of about 1 in 10 • Th@ spectra are of 
the types ABCX, A m  and respectively. All three 
apeotrsk are analysed and the iovolTed pttfaaeters are determined*
{Xh« sasi^ Iee of c<, and V ploolinss are kindly 
pswLded by Dr. H. Srli^thl Central Fii«l Bsesaorch 
lAstllut«» Jealgora. tfaoe@ of o^er iaomers and
aoae absort>od laolsture are t^d prot^iMe ii^urlties in the 
fifi£$>les (4)*
Die abTOlute chesii^d ^Ifts of the re&9imrx» 
signals are steomtrod* ohooeisg «»t@r as an e x te s i^  stan­
dard in the Ibm  of a oapillazy placed insi^ the oaln 
sasi^ Ie tube.
The resonance of the methyl protone oceura at 
a hi^er field than that of t^ e ring protcns in  all the 
ea8)e£« Ihis sigpn^ does not ahov any ^littii^ in slv^ 
of the three coopounds indicting that the coupling of 
the ring protons with the sethyl profeonst If any» ia 
soall*
(iii) o(-Pioollt^t
The ring proton ®ectrun of the QOlecule» ehovn 
in Fig. IV .tva), contains two groups of lines separated 
by about 60 cps* £sy cosqparing vith the p y r id im  epectaw'3) 
and fay an ap^ iroxiaate measi^wsent of the areas enclosed ty 
tbe tvo groups of lineSf Iho group of lloes at the lover 
field nay be assi^ed to the proton 6 (Fig* 17*2) • Am th«
(11) E]^eria^talt
is?.
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resonaaoe o f th is  proton is  veil separated froa that o f
the other throe protom^ th is four spin ^ s te s  amy be 
takea as bolor^lns to t he A8CU typo,
H CO
( A ' i H  ^ C B 3
Qx'> cH
The »ero order © igenfuactions a M  th e  eo rr^ » - 
ponding diagooal a a tr lx  el«n€n^6 fo r  the  s ^ s t m  &re 
S V ttn  la  Tiihle II« 1 . H e  Qoc^raaishiog off-dlagoxml. 
e lu e n t s  a re  glTen In B|« (X I.1 ). I t  i s  n m e & m iy  to 
d la ^ n a l la e  fo a r  3 x 3  m t^ ic e s  in  o rder to o b ta in  a l l  
th e  c o e r^  le v e ls  and* th e re fo re , « :i^ lic it a n a ly t ic a l  
©scpresslons arc  not um ially oijtained fo r the traasL ti< »  
energies* iienee, the  assigrsaeat o f the  ob^oryed l in e s  
to i i f f e r ^ t  tra n s it io n s  o ^ im t be dmm in  a  s i i ^ le  and 
d ire c t  manner•
A ooi^ tariBon of the lines at the lov^ fiald 
vith the lines due to ortho p rm t^m  in the £g>^tnM of 
pyridine (3) sbovs that the aultiplet stn^ture of this 
gtoug of lines renains practi^Uy undi^edf ^ e  
Qutoal separations betve^ l^ese li&^ are also nearly 
\h e saae* Hiis indieatest firstlyt that the ooupliiig 
betwe^ the ortho protons in p^idine is aaall ( ^is
is aetually fowd to be so tor rdmeldtor «t«al (3) ) 
Mooodlyt that tii« c o a p U n g  oosstacto 4 ^  S t  ^  ^  
la o<-piooIiA6 do Bot differ xaiob Zm a Uie oorrefii<<»odln^  
aooivling ooaAaats 1& ^ rldiat* In Tiaw of this* it is 
first» tentatirel^* fc>earan4 that a U  the paraMten 
iavDlred io 8ils a p o o tiva are rou^ily the sacse* as the 
eo rm s^v n A ia s ?anueter& in psrridiae* Iher v* sivea by
® ^AC • ^ BC • ^ *5 «?«.)
V *  \
* 0.3 ^8*
^QX **
On the basis of these pare^ters* ^e trant^ tiofi 
energies luid reXatlve int«)clties are calculated fi>r the 
ABCX system ^ the £»eotxuQ« thus oaleulat«d» d>es
m t fit in the observed e^etrte:^  correotlyt & ^ sDeral 
reser^nun^e is observed fros ^ich a rou^ idea a t the 
probaXLe positions of involved transitions is 
obtafenod* The oaleulatioos* alonn vfcth a rough nieasure* 
nent of the areasf shoved that in the observed <^eetnsa 
assigned to the protons Ad & the seven lines &n the
* 1!tie oheaioal shifts are also assuaed to bo the saiae* 
ia the first instance* as sethyl substitution is not
ejqpsoted to alter these diostioaLUx*
Iw  ftftld  a rise  t o  to th« G* i t  can
hQ seen that tbe Xiaes of the frotona A t B eyre sot 
sufficiently ' resolved as there are only 6 ©r t  iistia-*  
guislialide peaks ia  part of the %iille tti®
imtabc^ r of tjransltioas 4r« ala&ul^
UsiiiS these caleH ations as a  sta rtin g  pointy
it is att^t^ to asei^ mm 4^iffermt liises to parti­
cular tr^siti^i^ ts^  trial ermw* flie fQllowiJ:^  
poiiits are of in ^idtiig apoa to®
aasl^ iiieQt*
kB the eff-dii^iml ^€£k@ats in a natrix are 
appli^ adiobatioftlly la tte prooese of diagooaXisatioQ
(CL) tlie tri^ e  of ilie m tr ij; r^ a is is  ttoe saa@» 
tae d ia^o a l eloaeats a%Xl nol. < ^m  ^ic^i &%Mw* I t  ve 
G3q>reas the frequ^icy of a transition  ®tat=^
m a ^  ^  ^  *
« 3 E, - ^ ^ E5) (I?,2)
wtd as (£^ 4^ E^)ls Uie trace of the laatrix vhi^ 
teteralxss the a o m r^ levels 3*»4*» & 5* we find from
Taiae II,t that
*31+'^ 4-\+'?5, « C'i
= I  •},_ + z  J'lu • ■ • (n.i)
* l&e procedure has beea used^ lsarlier ?eseeodca ai»i
dteoagh (5) in the of A20 spectra.
niailarlj we t in 6  that
'^ 1.1.+ ^ •■(TI-C
. ^ >S.,0 - ^ .S,« = S A -  ^
'},u.u+'^ '(.,ii.+ ''t> ■' ^ ■^A"^ W
I f  the tm lv9  tr«fflSltions occuriBg In B|-ns. (IV’*^) t©
(IV ,6) arc asei^d  fc» tfes lines 4ji th© obi^ rved speetrt;@» 
ibe thre« qtmetiUes 5: are ©aslly
o^ talx)e<i« 2! ho»«¥er, a«p««d8 on th» i^oi<^ of orlglB > 
Ix th» observed ^eotru^^ but. i t  cm  be used to lied  
position of ) in th© ^ctruB . This posdtic^
Q&y th&n hm fii&ed as the new ori(’ixt to express all %h» 
transition fr#quettci«s is tl:® theoretical, as %f©ll as 
eKporisental spectra.
For the X tren&iticms ^  the following relatione 
are easily obteimd*
- - t  ^  ^ AX
'^ bi "^ TA- '^ %S - ^ ^  ^
+ns/o+^H+j\\ X -i
Hw positioa of is the observed spectn^ s&d the value 
of Z  Big^t be calcylatod if these transitions are pro- 
perl^ r assicrned, and the value of X  thus obtained, can 
te checiced with that d^ termiiied from the assignoent of ' ,
fS.T)
traiisiUoas «tc. la th« prestnt cas« the lla^ da« 
to X proton are not well roaolTed and th« l i m  widths ar« 
rather large so that the assi^naeat oamot be dsiie properly*
After the twelve traasltt^s ocoarisg Ic 
(If«3) to (IY«6) are assigned, all the e&ergf levels are 
ealoulated from the a»lgaed frequeocies of these traisl«* 
tloos (and froe the values of H obtainec froa
tdieta}* Itie reeialning 18 transitions la th e ABC ^eetmm 
are then ealoulated and checked wlt^ h the observed 
sp^ ortruQ. rhe lateneitlss of Hie c»rre^ondliig 
tiaas in the tlieoretied nith the
parsBneters la (I V.t) of h^lp ia laaklng this 
oociparlaon. Ihe agreeaeat betveen the oaloulated and 
ofcserved q^eotnja oorrespoadiag to the 18 transitioas 
forms a ^eck oa the correetness of the assi^ paaeat of 
traasitlORs etc#
I f  the observed spectrun (of a l l  the four 
protons ABC & X) is  s a tis^ & o rilv  acooimted for# the 
profolcti would th&n be to obtain aul the involved para­
meters from the enorg^ *^  values ^ ic ^  aooount fo r the 
speotrua. ThlSf a^ain« o»:iiiot be ione bj analy tieal 
nvethod and, thereforot ^ m ^^rioal eietl^d is  followed.
For thiSf different sets of values are dios^t within 
a reasoo^ ible ran,^ close to the corresponding valu« in 
pyrldinst fbr all the paraoeters (e^d also roacsaberins
that 5. dt 2: apG knowi) aod the easTSS Iwela
given by all these sets are ^doalaied* The set of 
par&setcrs yield eaer^ values that fit those
obtained fraa Sie abo^ aasl^wcRt Is flaally <hosen«
The paraaeters Urns ctiosen are
 ^*0 cps»
^BC “ 7.4 cp».
T.4
^AX “ 4*5 cps*
0*6 eps*
2*0 cps*
(If.3)
I t  saay be noted tliat the m&rg^ valijes are ®5a- 
sldexmbly s^ is ltlv e  i o a m l l  (^lai^es i n  the paim eters ai^ 
thou^  the o{preetnent fitsally obtain@cl Is aaiisfactoxy I t  
cannot be cilaioied that the ect of m lues Iq^CIV.S) repre- 
800t the best values of aUl the ei^t poxaoeters* Farter 
refinesient of these values is discoursged b^ the f&ot that 
ttiere are several imresolved liOBs in the s|>ectnei* However, 
i t  can be said t l m t  wltfein reasoaable lim its  of atout 
± 0*5 ops* In the oouplii^ o>i^tant@ and a l^u tlt.O  e^s, ia  
tbe chSQical shifts the sat of parameters in^(I?.S) repr& ^ 
sent the i^eotn® .
Ihe OBxct m v e  fim<^ioiis corresponding to  th e  
ener^sr values are e a lta ila te d  w ith th e  help  o f Eqtns.(l«3)f 
{ I .6 )  4  (I*7) and the  re la t iv e  i a te a s i t i e s  o f the
ii
i
i
li^ AX *
r * ^ KX>
- ♦ Jjj)
♦  Cj j^  ♦  Jgj)j
-  + Jjy)
♦ 5Jaj *
-  + Jgj)
fuad froa to«a« and ^ are obtained*
TItuB, all the earasieters eicc^& Sy^ eiifi b« derived fiaa 
the aaal/siJ3 of the hB ^oczrm* It I s , ho^wert !a©t 
possible to derive %Iiq signs o£ mupXing ^nsfianta 
tl^ lB (sialysist as is dono in the eaeo of 1 fIu(»ro« 2t4* 
dixkltrob^u»£i«Ya8 no ioformticm is obtained from the 
X and I li»es in %his case.
The analysis is therefore carried out assisaiag
all the coaplifig constaats io be positive*
The paxasieters obtained trosi ttw soalyeis ore
10.3 ^s* 
44*3 cpft.
'XY CpS*
^AB ®
^AX *
*^ BX **
*^ AY ** cps* 
Jgy * 1.2 Cp*.
Ike error invoived la a«y of these paraaeters is not core 
tkan ♦ 0*4 ^8*
YAiitLE IV,1,
rjBAot wr« functioQS and m tr s y  levels of °< » pieoXifM*
SI- Fi 
Ro. * Way* funotlon
1 2 ^
2 1 ^
3* 1 -0.97 ^  +0*16 ^  40,18 ^
4 * 1 0.20 0^ ♦0.90 Jlj >0.37
5* 1 0.14 -0.28 ^  ^.95
6* 0 -0.97 ♦O.n 0^ +0.16 ^
7* 0 -0.07 ^  -0.87 ^  *K>.49 0g
8* 0 0.22 ^  >0.46 0 ^ 40.^
9» 0 0.96 ^  -0.20 ^ Q-0.2t
10* 0 0.15 +0.95 ^ 3-0.26
11’ 0 0.26 40.22 JT^ 4^0.94 0^^
12* -1 0.99 ^^?2^•56 ^ 5-0.29
13* -1 0.05 #^j-0.28 j<54
14»-1 0.23 ^ 4
15 -1
16 -2
1^5 
•^6
.* 5*72i?
0"^ A+'^ (^ +'?c.“ ^  2.175
t  8.265
"fc C 4.656
i  C'?a + '?%^ '^ c'^'JO-16.639 
■t 4.131
6.783
C"^ — 6.042
' t  ^■54+ V V ^ '^ x) -  a .505
♦  8.822
"fcT C'?^+>?(3,+'?c.— 7.574 
't C'?a '^?b+^ c+3'?x)- 5.026 
-t O ' ? 410.425 
'i ♦ 2.175
't 5.725
t ^  are tbe sero order eigeofuootioiie aa given in Table II. U
c&XottXAltd tFBosltion fmuenolM and rtiLatlv* iat«!}3ltl««> 
ai^ o^torred frequeneles for -^ploollM*
, .„.,-i... mmm , *A»m mm. m m  mm,
aaXouIa&«d Obaerred . Caleulated
3«x1o» traf^itioQ fr«qu«ne7 fma«n«7' Relative
(in <^8*) (la e^9*) I n tm m ity
1.
Z *
5.
4«
5.
6. 
7. 
8« 
9.
10*
11.
12,
15,
U.
15.
5»--»1
$ * ~ ^ 2
10*-^4*
12»-^8*
9«^4«
10»— 5^* 
15*-^3» 
12»-^7*
9t_^5t
15*->7*
1$->11*
16-^14*
5»-^1
11»-^4*
7»-»2
20.8
13.8
16.3
14.4 
14.3 I 
13.2
11.8
11.7
10.7 
9.2
6.7
4.7 
1.1
- 0.6 
- 2»0
21.0
18.9
15.3
12.0,
10.9
6.3
4.3
-1.9,
0.40
0.41
0.14
0.37
0.46
0.71
0.49
0.33
0.24
0.21
2*02
2.04
0.66
2.58
0.20
M U B  IV,2 (Contd.)
S.Ho.
------
j
Transition fr m iu m w  i 
(la cp».)
Obeezvtd
frtqttmsy 
(In Qp8.i
CaXoulatdd
Xat«usl^
16* 4*--yt -2.5
1
2.16
17* U»--r 8» •*3.6 —1»9f 2.82
18. 11*--, 5» -4.2 •3«4 0.69
19. 8*--r2 —4.6 j 2.37
20,
2t.
14»-,7» 
10*-^ 3*
-e.3 j
—6.5 1I
-6*2 j
0.22
0.92
2 2 , 15 9* -8.2 iI 0.30
23. 9»-^3» -3.0 -8.0 0.48
24. 12*-^ S» -9.1 1.21
25*
26.
27.
28.
15-^10*
16-^15* 
13’--. 6* 
16-^12*
-ia7
-10.8
-11.6
-13.3
-10.5»
-13.1,
-14.8?
0.71
0.53
0.83
0.92
29. 11»-r3* -23.9 — 0.0042
50.
-27.1 — 0.0tt71
LM3SS,
1. 6»-^4* 24.0 — 0.0009
2. 21.3 — 0.001
3. 12»-^11* 16.4 — 0.001
4. 13*^11* 13,9 — 0.002
Cootd..
I.Mo.
t«
Transitioa <
Caloulated 
freqiMMQr 
(in qps.) 1
obserred 
frequenoy 
(in cps.)
Caloulated
Selative
Intensity
5. 7»-^ 4» 4.1 4.1 0.38
6* 2 -^1 3.5 1.00
7. 6*--r5* 1.5 2.0t 0.99
3* 12»-^ 9* 1.5 0.5 0,71
9. 8»--r4» 1.5 0.60
10, 7 * ^  5* 0.5 0.49
11. 12»-,10» -0.9 0.30
12, 15»-r9» -1.0 0.007
13. l4»-r11» -1.S -1.9 1.00
14. 8»-^ 5* -2.1 0*52
19. 13»-.10» -3.5 j
1 -3.5
0.98
16. 16--rl5 -5.S 1 0.46
17. 14»--» 9* -16.5 — O.OOOd
18. -18.9 — 0.0(»1
19. 7»-^5» -19.2 0.0002
20. 8*-^5» -21*9 — 0.0002
t Staodard d«Tiatlofis Taxy betv««a 0*17 aad 0*27 o «•
ValuM of Ohtaioftl shifts (6 ) for the different pfoiooft with 
reapect to the signal frosa waters—  (the taX m B are oorreeted 
for Iwlk A U sm sa ^iie aagpeptibiiity)* ^
Type of proton* 5 w.r.t.
A 00 0 -1#70
B 00 0 -1.69
C 000 -2.12 ■
X 0 00 -3.26 -
CHj 00 0 2.81
* See fijfure I¥#2.
f
trancltlons are obtained as givea (I.tO)* Th« iilz«d 
%rave functions and th© cwrresoondtag energy Ier«le are 
given in Table IV.!•
The calculat«d trassitlons fretiuneles aid 
relative intensities along with the observed frec|u«:ioie@ 
are given in Table IV«2. the chemical shifts of the dif* 
ferGQi protons in the isolecule ¥ i th  reject to Ihe 8i|p^ 
froo vater are also given cA the end of th e Table Hf.2«
The ^ciliated i^eotrua is sbotm in fig* IV* 1(b).
(iv) /3 - Ficoli^t
Fig. IV.^Ca) ^ lo m  the proton resooanee ^eetms 
of the ring protons of this sK>lecule* The qE>eotrom has 
two groups of lin<» m A  hy & cc%[^ri^n with the spectra 
of pyridine and 3-pyridine-d|, obtaSned by Schneider et.al 
(5)t it is eag^ to see that ihe protons in 2 mM 5 positioas 
(Fig. IV«4) give rise to th® lin^s at the lower fleldf t^il# 
the lines at the hi^.er field arc due to the protons 3 and 4* 
As the separation beti«®Q the ©eaterB of the %wq groups of 
lines is about 30 ops. aad sinee aoy of tb e coupling cons* 
taots between the noelci belonging to the two groups is not 
expected to exceed about 6 cos* (l|r <»aparirig witii the cor­
responding parameters in pr/ridine {3) ) the i3olecule can be 
taloen to belong to the class ABXI (as ehown in Fig.IV.4) 
in the usual notation.
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The zero ord«r elgtzifaaetloiis and the corres­
ponding dia.;^al aiArlx eleaents for ABJCT systo are the 
sane as those for ABC2C a^staa in Table II.1 with C r^Ia- 
eed Ijy lyAad X replaced ?• nonBranlshing off-
dlagoml ^eaents are given 1:^ the following relationst
'^2 .1 ' ’^ ^ A o  = t ■^ xv
and the remlniog off-diagonal elmmts are obtained Xfjf 
the condition
How, the total spin imtrix factors into four (1x1)
(states 1,6,11 8t 16), four 2 x 2  (states 2 & 5 and A Bt 5f 
and 12 & 13 and 14 & 15) and one 4 x 4 (states 7,8,9 & tO) 
subsiatrtccs* E i^ llcit espressions are, therefore, directly 
obtained for fd.1 but four of la^ e states*
rhe ecRipling coi^tant tn pyridine corresponding 
to is foimd to be 0.4 <^s, (3). It aon be aeen froa 
the group of lines assigned to 1 & Y that ^
acall. It is, therefore, assimd that » 0 to carry
Cx> W
ou t the azialysis* The v a l id i ty  th la  a ssu s^ tien  caa
be jud0«4 froB the ex ten t fco th#  m ^ ja s is  ^ t i a f a
to r l ly  accounts fo r  obeerred sp ec trm *  S u b stitu tin g  
« Of the ^ I n  laa trlx  a&n be c o m p la t^  and
e r p l i c l t  e:;q}r^sions Cfin be derived fo r  a l l  the e s e x ^  
le v e ls  and the oorrespMadxng m ve ^ n s tio n s *
The problea noif beoooes e jo c tiy  e i a i l a r  to  th a t 
o f  W fluoro t 2 ,4 -d in itro b ^^en ©  (a8 C * Il* ili)*  re^lsti^  
clni; C X,asd X b^ r 7 and then su lm titu tin g  a  0 i&
Tables ( I I .2 ) ,  (11*3), (II.4) & (n.5)» the e n e r ^  l e r e i s  
and wave funcfclotiB, and the  tra a s ltic m  energ ies aad th e i r  
r e la t iv e  In tcm sitie s  iir/olved in  th i s  p ro b le i a re  ob ta ined .
Only th e  AB p a r t o f th e  ^ectrtjgsm n be 
in  the present case* a s  the  X and Y l in e s  (on the lo«rer 
f i e ld  side in  the obserred i^ e e trm )  a re  iK t^ resolved* 
ihe th e o re tic a l AB spectrua c o n s is ts  o f  four q u a r te ts  
ju s t  a s  in  t te  case o f 1 f lu o i^ t 2,4-dinitxx>ben2«ie 
speotruQ ( ^ee«II.£v  (o]fi» and ti^e aasignaent o f the l in e s  
to  these q u a r te ts  i s  to  be done in  a  s im ila r  o ^ w r *  Froa 
th is  assi^m aent B ^  .
can be obtaizied* The cen te rs  o f  acd
q u a r te ts  (se^j iie c .II* iv  [c j  id th  re sp ec t to  + ^
a re  rem>eotively g ivaa by
CaloaXat«4 transltidn fr«qu^eU 8 a»4 r«l&tlve
and obstnred fr«qu«nol«e for -plooIliM*
Transitloa
Ro*t
_______1
Caleulated Ob««tv«d ^  
frtqueofi? tt
(In ops*} (in qpa.)
Cal.oulat«l
BtlatlTC
InttruiLty#
2 36.7 36.7 0.36
10 58.9 I 0.46
6
i
59.1 1 0.30
14 41.5 41.4 0.4^ *-
1 44.6 44.7 1 1.64
9 46.8
1
1.54
5 47.0
46.7 1 1.70
3 49.1 1.64
15 49.2
49.1
1.58
7 50.5 50.3 1.70
11 53.6 53.7 1.54
15 54.9 54.9 1.58
4 57.0 57.0 0.56
8 58.4 58.3 0.30
12 61.5 61.5 0.46
16 62.8 62.8 0.42
Coatd*•
Xnusiiloa
lo.
Caloulai«d oba«rv«d 
fmutnov
(In (^8«} (in ^s.)
c*LeuiAt«d
Ralallvt
Xn(«isil7*
ULlass
ii
9 •13.6 — 0.0041
11 -12.5 — 0.0058
5 - 3.4 1 1.0
8 - 3.4 1 1.0
2 - 1.2 0.9959
6 - 1.1
-0.9
0.9942
1 1.1 1 0 . 9 W
5
f 1.0 
1.2 1 0.9959
4 3.4 3.0 1.0
1 3.4 1.0
12 12.5 — 0.0058
10 13*6 — 0.0041
Y lines 
12 •14.2 0.0007
10 -113 — 0.0014
5 • 1.3 1.0
8 - 1.8 1.0
7 • 0.6
0.9
0.9993
4 - 0.5 11i 0.998$
contd#•
TAliLZ IV,3 (Cont<l>)
Traaaltlon
Ro*
CalouLatad 
freqosooy 
(in ope*}
Obaervad 
frac;L9iB0r 
(in ^a«}
Caloulatad
RalatlTo
Xntenaity.
3 0.5 0.9986
6 0.6 0.9991
• 1.0
2 1.8 1 1.0
1 1.8 1i 1.0
9 11.9 — o .o o u
11 U.2
—
0.00C7
t Tb« tnmsttioQ Sos. for tht ABf 1 mad I sp«otra ar« as in 
XablM XI*>i IZ*4 and IX«S rasptoiiTClyt C 
liy mad X rtplae«4 T*
ft Tha oaloalatad fraqtiaoeias are glT« vlth raapaot m
as tha origin*
^  Tht obaairad £rtqu«ioiw ara girm vlth rt^aot to ttia 
oantar of tha XX groop of lioaa* Iha etaodard daviatioaa 
vary batvaao 0«1? and 0*22opa«
?aluaa of ohoaieal Aifta (  ^) for tha dlffara&t protons 
vlth raapoat to ths signal froo vatart--- (Tha Taluas ara eof^ 
raotad for hulk dlaasgnatio su^aptlbUlty) •
— ---
1^0 of proton 6
If I • • -5.J32P.02
A *♦ -2.22 '
B • • -1.97 ■'
Ol, • # 3.09 "
• :^ aa rtgura ZV»i«
K9 all the lines of both X and Y l U  Terr elOM 
to oach other vLthia ft soalL regioQ# it ia further asauoad 
that 0* toealeol&te the speetruo* Ihe traoaltloa
eaergiea mod their relatlTs iateaeities oaleulated vith 
the paraaetera in Eq* are s i r m  la ^ahie J IV*3)t
alfxig vlth the obserred fro|ueQeies* the checUical ^ ifta 
of the different p ro U x^ in the ooleoule vltii reepeot to 
the signal froa water are girea A  the end of the Tahle(IV»5)* 
The oaloulated speotraci la tfKiva in Flg« IV. 3(h)* 
a^ reecient betveen the obserred and calculated speotra is 
satisfaetory ^astlf^iag asstiaptloas aade In the 
analysis.
(v) V''PU»linet
The ring proton ag^ectrjm of th i s  ao leeu le  (Fig*
ttoo
IV. 5 (a) ) a lso  aiiows iproups o f  l in o s  separated  by about/V
60 ops. Again by oooparison with the spectra of pyridine 
and 4-pyridine-d| obtained by > <^eider et.al«» the group 
of lines at the lover field ma^ be assigned to the protons 
ortho to Sy (3 ^  figure IV. 6) while the other groi;© say 
be assi^ed to the protonfi acta to H. As the separation 
between the two grot:^ s is larger than any of the
* M&a and « 0, ^ e  AMY aiystea oay also be 
called as ABXX aystea.
§
I
u
S
ooupllng constaatB liwolvod, tfie spectrum E»y b® %a3tm 
to be of th© Ag3^ typ«* The general theory of thLa type 
of i^eetrum Is given Isiy s €jvei«»I auMsors (6t7#S). In this 
^ectrun the eao groups of lin^ are c^mpiet^y 
in  structure ^ bout their reflpeotlire oenters^ i^d 
/proup consists of twelve transltitH^. la  the observed 
spoetrun the lower field group of l l n ^  oonslsta of four 
lines, while for the group at the hl^ar fiel4 the struc­
ture appears to be a little eoii^limted j^robably due to 
the coupling of these protons with the methyl protons* 
Howc?<^ rt a general reeeoblance between the two group* 
can be seen.
CH:
CA^  H H ( A )
N
1^*3 33 . t
As the (K>upling betwe<m tiie two protons ortho 
to S Is observed to be veryssall in pyridine* 4-pyridl£»-d^ 
and p'picoline (see previous section)i it siay be taken as 
sero for the present anal/sLe* "Hie ^eotruES thim bolon^ 
to the ^%2 dass with K « K* • A ^ical imlf of such a
• S and H are defined as in Iik|. (j2U%) with B replaced 
Z« See also references (7 & 8}*
spectrua (K>n8lsts of 6 tma«itioas %^:^rlcal 
peat to th« eeater as given by Bematets CT»8)*
The observed aj>eetruii on the lower fi^d side shews only 
four lines sytiiaetrlOBU. \at,i rea^xact to the  center* The 
other two lines (eorres^oaiing to tmisitlons and 9#12 
as given ^rcfereaoes 7 & 8) are ooaparatively weak and are 
ei^eoted to ocaar S f^ m e tr im X ly on e ith er side of the 
center, separate ©ore than the lis» s  at ^  ©ps* la the 
observed spectrua. As no absorption is IMicafeed at these
tKoJt
positicm it is asmsaed these l l n m  c^ihoidet vithia ea^eri-
A
m«ital errort with the strong X tn m  at ;|h 3*^ ops» Frcm tihie
a
expressions for the transition energies and the sat^ sepa- 
rations in the observed spectrua we then get
H  a  6 * { ^  c ? > s .  E  ♦ ♦ A  6.05 <^s. I
2 " I (1 ^.13)
♦ L - K » 2*95 fsps* I
tr o a  whic^ i the eoupliti^  ooostants are obtained as 
J W C^8» =a t*6 <^s*
J *  «  0 * 9  ^ s *  J j  »  0  c p s .
Ihe error involved in any of these values is m t  ooro thas
i 0.4 cps.
The txaosition frequencies a n d  the corraspoodii^
relative iatenstti.ee for a typical half of Uie spectrum
* 6.0^ t^rese&ts an mreroQe of the sutual s^araCiona bet* 
ween the intense lines ir* the 4^ a th« 3^ spectra. Z S 5  
.Represents tlie agparatioc. between the two inner cos^neata 
in the Xg ^eotruQ only as those in the A2 ^eetruni are 
not easily id^tifl^.
Caleulat«d transition frtqumeies an4 reXaiiT* iat«nsltiM« 
and obB«rv^ «<l fr6au«a6i*s for V  «pieoli:i«.
TABLE IV,4.
Caloulatad Obaarrad ^  , Caloulatad 
" 1  fraaauancy fraqtianw ^ I Haiativa 
T (in  cpa*) ( in  osaO latansit^*
1* 5.0 1.00
a 3,0 1*00
3.1
5 5.0 0.52
9 3.0 0.52
6 1,5 1
 0.67
1.5
10 1.5 1 0.67
7 -1.5 0.67
-1.5
11 -1.5 C.67
5 -3.0 UOO
4 -5*0 1.00
-5.1
8 -3.0 0.52
12 -5.0 0.52
4  rtf tittneitionc r«p7«s«it a l^rpioal half o f Hifi i^aetfua*
Th« traasitloa  9o«, are aa la  tccWWC^ -'^ s ) . gC^'4■^
Tha error in tha obaerrad fraquaneiea la about ^ 0*2epa«
O v tv r x c o a  C £ )  urx ppvin ui'cHv VQ-^^vev,C<L to  U jc jto .
clL<:xJwxa-^v.iXic Au^CLtLliltUi^*-^^ )  ; -  e .PvciflM g
 ^ CSe«. {l^ i^v.C)
. . .  -l*6il» oi 
X  • • -S-2.'ii0o2,
oaXoulated with these paraaeters (ZV.H) ) aare g i r m  
A lim g M ith t»e obserred freqjB^oies irr giirnrr in table IV«4» 
The ch«aical shifts of the differwt protons vlth referei^ 
to Blgioal of water* are gives mt t h e ^ d  of the '^i^e I?.4* 
The oaleuXated epeetruni is shoim in Hig* I7*3Cb)*
(vi) Qlaoussion:
The ooupXlog ooaatanta obtained fros aXl theee 
analyees do not differ in any striking taanner from those 
in pyridine {3)m This tiont& rm to the obsexvatlmi
that ^  In ooupling oor^ta sis are not ^ c h  smtsitlfe to 
subst itutloiu
The lines In a U  the three spectra are rath<ar 
broad presuiaably due to t^j»dn;^ oIe interaetlons arising 
because of tlie presence of nitrogen nucleus in the solecules, 
and due to the presefsc© of s l i ^ t  of impttritiee in
the sai^les used* The acearacy of the paxasieters is 
somevhat t i^ i r e d  due to t&ls reais^n*
i:he cheQlcal s h if t values also do not d iffe r very 
ouch frosi those in pyridine shoving Uiat aethyl substitution 
does not drastically alter the shielding of t^e ring protons 
in these isolocules. The atelute cheDical ^ifts» with refe­
rence to water* obtained here a g r ^ f within ^eri^^tal 
•rrorst with the values ob>ained earlier at low 
resolution (1f2).
1!he oalouXated spectm in  case of and V
plcollnes agree very satief^torily with feh« o^set^ed ^aetf&t 
as the analysis could be dooe in a dlroot aeumer* 
agro^senty hovevert is m t la tfee
case of o(-pioolin« as as setliod ifnmlvlog £su^
trUUl and error oaleulatioiw tuad to used In the aMaaljais.
The paraiaetere obtalaed by Sohneider et»al (3 ) p^ri^iae 
are of <K>nslderable help la oarryit^ out tie sunalyses of all 
the thx^e speotra« particularly ^ t  of o<-pieoliae«
n  E* B*, jr. Ch«o* 1^81 (1955)*
2» 3 « m et« it i«  H« J« &n4 ohiMld^r* W* 0 * t J* Ch«a« Pl^0« 
gi, 469, (1956).
3. :'oha«idw. V. G.« 3«m6tola. H. and Foj^e. J« A.» 
Ann. I .  T. Aoad. ;^ ol. ;E1* *>6 (1958).
4 . SripathlRao. H. (?rivat« CoonunloAtion).
$• FessmdM. R. V« and J. S., Ch«a. M«
996, (1959).
6 . HoComi^. H. M«, !4oLMn. A, D. and RtiXl^r. C. A.,
J .  Ch*a. Jliys. £2, 1152, (1955).
7. H. J., :olmeLd«r. v« 0«. and ?epx«« A«,
Can. J. 2^, 1060, (1957).
8. Popla. J, A., :3ohn«ld«r. v. C. and Bamstein. H. J.y 
"Htgb Raaolutlon tuolaar HagnatLe Haaonanoa**, 
MoOrav.HUl Book Co.« Inc., 3«w Tork, (1959).
CJIAPTER V*
RSSOBAICE ^IPTS U  AQUBCH3S dOLUXIOSS 
OF AXiSJa*! CHLCmi^ AID ALKAUXE KABSI 
CHLOBXOES, hSQ Rj^BAflCB 121
ALKALI FLUORID&S
Cl^ R£S08Aff<^  A.iUBQUS SOLUIIOIla OF AX4ULI CHLOEIPES
AHl) ALKALIHE LAKPl CaL0R10£S, AMP RKSQHA8C8 SHIFTS IH 3QKE
AUCALI I WOHIDES*
A 3 S T a A C I «
«R
tU« oh€aieaI ab ifts o f roaooano* in  aqu«oas 
8oIatLoQ| o f aUcali ohlotldM  an! alkaline mrtt ^oridM ^, 
and o f raaonaaet la  aoaa aX teli fluoridts ar« dat«ra|a»d 
At various ooneaDtratioaa using a High tasolu lioa  Sps^ro* 
oetor* Ths a h ifis  ia  alisKli# oblorldos uhicdi ar« iod«9 «od»nt 
of oonoantratioo vazy in the sa&e aanner as the quadn^Ie  
ooupliag oonatants ia  these laoXeoules. these ^ i f t s  pfobe^ly 
repreamt the effeo t of the positive ioas ia  these soXutioos* 
The F>9 reaonanoe sh ift  ia  ea ^  a lk a li fluoride «iianges with 
09neeatr&ti0a ^pto a eertaia l i a i t  a fter  whioh i t  he« aes 
p raetioa llj oonstaot* After aach a l i a i t  ^ e  variatioa of 
these sh ifts  f r ^  ICF to GaF has the sasie trend as that for 
Cl59rssonanoe sh ifts  firoa S(^ to CsCl*
The Cl^^ resonance ^ifts ia alkaline earth M o *  
rides are all found to be concentration dependent. This 
dependenoe is disouesed ia teros of the ioa pair formation.
(i) latroductioat
Ifuslear Hagaetio Resimenoe teehniqae was suoeeas- 
fu lly  eoplo^ed ty shoolersr sad Alder (1) to understand soae 
of the solvent ioa interact ioas in aqueous e l^ tro ly tea*
They have ioveetigated the proton zeao nance irtiifts in a lar^pe 
imaber o f aqueous electrolytes and intez^reted the data on 
the haste of the combined effeot of pol&rlmtlm of the mter 
iaoleoules by the ions, aud the tendenoy of these ions to 
rtipture ths hydrog«o»bonded structure of vater itself. In
|Q
the m m  p%er the ooncentrutloa dep^ideaee of the
reaoimnoe in aqueous aoXutlon of KF «&• reported. Later 
CarrinsUm aad HLnea (2) have studied this eoneentration 
depeodeaoG la greater detail» using various solvents.
These are the only eases, so far» to our kaonle%e» i^ iere 
negative ion ^ifte in aqueous eXeotrolytes were studied*
In the present vork the resonanoe shifts 
are detemixd in aqueous solutions of alkali ohlorides and 
alifialine earth chlorides at various ooncentrations* F  ^
reaonsnoe shifts in SF & Ca? solutions m r e  also 
deteroiasd. the 1B1& signals of 01^^ aarSf in generalf hroad 
(9) due to quadn^le interaetions. !^ asuda (4) has detez^ 
Binsd the cheQioal shifts in four liquid ohlorine ooopounds 
Tid^t VOCl^, CiOgClg and CiCl^ and found th9 line widths to 
be proportional to the quadrupole coupling oonstantsf riMving 
that the quadrupole interactions fora the (tominant relaxation 
aeohanifia* Bat the line vidthe are less in the ease of the 
highly ionised eolations studied here« where these intonu>- 
tions are comparative low*
(ii) OperiBeotali
’*C
For Cl" resonsnee esp erlamtst the saaples are 
contained in pyres glass tubes of 1} a a  o*d* The reference 
sas^le is pJaced in aootli^ r glass tube of about 7 an* o«d« 
and plaeed iiftslde the min saoiple tubSi to that the signals 
irom the auB|>lc and reference are siaultaneously obserfed*
Th« resonanee shifts are s»asur«d •K&ples 
oontainid In p y m  glMs tub«s of 9 am o.di* 7h« r«f«r«QO< 
■ao^X* l8 oontaiti«d in & thin glass tuts of about 3 aa* o«d»
The signals obtaioid fr<» Ebd vlth Sad  as I f  
refsrsQOSi along with the sid s bands ssparated bgr tS4 ops«t 
os either side troa the two oais st^oals are l^own in Fis*7«1* 
Fig. 7 .2  shovs the signals iron L id  St Gad,
In the ab<»rs^aentlo&ed form of the saa^le ttibeSf 
the ssaple v l l l  be cd stained in an ausilar spaoe betvwKi the 
outer and inner tu b ^ . n e illy , McConnell & Heisenheiaer (5) 
have fotmd that ttie annular «uBples give IKiOu^ed doublets 
(broad lin e  with two peaks)» the separation bsing given
A H  , 4.-nr( -3C,-X^) + ( X^- x o  1 ■■■ (TL-i)
H. *■ Y^J
'X,^ XjS' the VDlwae suseeptibilities of ^ e  liquid in
the inner glase tubei the glass tubsi snd the annular liquid
respectively* y refers to the aean radius of the annular
liquid and cl(^(, are the inmr and outer radii of the itmer
glass tube* The signala obtaiosd in the present oase (Pigs«
Y*1 and V*2) are not to be aistsken as suoh doubletSt firstly
beoauee two aignals are not obtained when the solution in ih9
inner tube is tnot a boride, (Kid s&oondly the signal separsr-
tions observed here are nn^h larger than ttie separations wbi^
sight be expected froa annular sssples on the basis of
Bq*(V*1)« However I in the oase of resonance in EP
eI
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ioltttions such a flitting has oba«rve4 wheA m loaU 
^Xass tubCf with or vlthout ai^atapXe« is placed iWRlde* 
A^aln It Has ast observed for Ci^ m d  Naf* The reaa^n fcr 
observing It only io KF «e«as to b« duo to tha Haot tt»t 
th« line vidth In this eaae Is ouch aaallsr than that for 
NaF or CSFt or ai|r of the chlorlda jclutioas studied*
The ehSDlcAl shift is girm by
& ■^c ... Cl-2.)
and is s^^resssd in parts per aillion (ppa)« S is here tlie 
cheaioal sbifti and are the lArmr frequenay values 
for the nucleus under study in the oonpound and reference 
respectively* the ei^riaent is actually done
varying the BHgnetic field and keeping the frequency cona- 
tantf expressSw) S in this fi>zm is convenient as the value 
of ia directly obtained in cycles ?er second flroa
the aeasurenaitf «hen it is done by side-bstfdte^ique*
The error involved in the seasureaent o f Cl^^
|g
resonance sh ifts  i s  about 1 pps« For the F  ^ aaasureaent 
i t  i s  about 0*1 ppm»
The roaults are not corrected for the bulk dia- 
aagnetic suseeptibility* But this does not bring in any 
significant difference in the resaltst as the corrections 
involved are alisiys vithin ttie eiperiaflntal orrer given
abov«» ?urUied^ Aoourate ^ta ar« not omlXa^Xd to i^pl^ 
th6 corrtetion for all th« oooBcntmtioos of
th« eoXutioos studied*
(ill) SaattXtat
Th« r«sonane« ibifts in alkali ohloritea are 
given ia table f*U These ehifta are all found to be ind** 
peadent of ooaceatrat ioo vithia the ooeriaeatal error of 
1*0 fpsu in the eheaioal shift* rhereforet an average 
value of the shifts obtained at the different eonowt rat ions 
is given. The values are all given with Sad as the ref»> 
renoe« The ^ifts in the ease of Lid and K d  are not near 
sured vith 5ad as the referenoet but ^ey mre first mmr- 
Bured vith respect to Csd aoi ths Values are finaLl^ r rodu- 
oed to Had as the referenos. The error involved in these 
vsluea aay» thereforet be slightly store than 1*0 pptt*
e.a.v^
The diifte in idkailicatdorides are all found to be 
oonoentrationdlipendent* The values of these ihifts at 
various concentraticsisfor Bad^t Srd^t Cadg and Hgd2 are 
1^  given in Tables V.2(a)t V*2(b)t V*2(e) and T*2(d) res- 
peotivel/* The values are ^  given viUi referenee to Had* 
In the oase of ?^ sCl2 the o^uBurment vas not aotiJttlly dane
of»
vith this refereooe as at lov oonoentratioas there is consi*
A
derable overlapping of the slgnalt* The taeasuresicit vas
theri^ fore done vith refer^oe to and later reduced to
XAflJUE y.l.
li: C0ap«nd !>t»-(14)
U  LICX -3.1 ♦ 1.0
2, RaCl 0
I .
3* ICX -1*8 ♦1,0*
4. RbCl -10.5 ♦ 1.0
# #
1^
0.(K
0.7t4
5. CsCl -23.2 ♦ 1.0 3.00
I , - —.— .................. , i , — —
0.51
1.24
3*00
* Th« «rror la th*s« casos aay be sllgfeUjr aor« (ae« t«xt}«
VarUtion of r«8onaao« sh ifts  vlth oonoentration in 
aqusous aoltttioBS of allodltto oarth ehlorld«8«
(AU tho d itto s  givon are vltb  r«f«r«no« to HaCl. tbo earror 
imrolTed la the valuos U  about ♦  1*0 psm»)
r>rci2
sorUI
So* Molar ConecntiatlMi
Chealocd sislft 
la
1. 1.9 -11.6
2* 1.5 - 9.3
5. 1.3 ^ 7.6
4. no - 5.7
l A ^  V,2(b)
«rUI
Ho* Holar Conoontratlon
OiMloaX ^^hlft 
la ppou
n 4.0 -14.7
2. 2.5 - 9.3
5. 1.7 - 6.2
4. 1.1
1
- 5.2
Cad^
HgClj
lAflij; ¥.2(c)
- ■ ft ............... 1.
s«riai
Bo. hiolmr Cooeontjratloa
Chmioal nhift 
in ppa*
1. 5.8 -19.0
2, 3.8 -.11.1
3. 2,6 - 6.6
4« 2*2 - 5.1
5, 1.7 - 4.5
TAULB T.2(<1)
Bo* Molar Sooooniratloa
Chooiioal Shift 
in ppa.
1. 3.1 - 9.9
a. 2.7 • 8.8
3. 2.3 • 7.0
4. 1.9 - 5.6
5. 1.6 - 4.0
5 a d  as the r«Ttrenee« Oi£« th is  lner«aM th«
error IzivoXTed in these meaeureoeats* The oooceatration 
depeodenee o f these ih lf t s  In s l l  the ibiir ooapounds is  
plotted in Fig*
The sh ifts  in KP« lisF and CsP shoved a ooo-
oentration dependenee a  ^ h i|^  conoeatrations* In OP solu-
1Qtion the shielding of the aueleus deereases vith  
sing oonesntratiottt but after the ooiMentratian i s  about 8 M 
the shielding praetioally reaaias independent o f further 
reduetion in ooooeatratlon* theee resu lts are in agreeoeiit 
with those of Sheelery and Alder (1) and a systeaatio aea- 
sur^ent o f the iliif ts  at various Qsaaeentrations i s  not 
undertaken. A sim ilar behavlous i s  noted in the oases of 
CsF and RaF solu tions. But the stud/ eould not be extended 
to lover CD as eat rations as the aigaal iaieii^i^ is feehlOt 
in both these «>lations« At the point vhen th^ he«Dse 
praetioally ind^e&dent of oonoeotrationt the folloving  
values are (Stained.
Coapotmd. &in ppou
BaF 0 (referenoe)
KF - 1.4 ^  0*2
CsF -  ♦  0,2
3.
, awtMM»- (6) b u
Bhovn that th« ebcatoal fiiiift arises dse lo  tlie let • r n e t i^  
b«tveen tbs aolsoular el&etrema sad tbs external osgnstle  
field*  rhe iBtsi»otLof^roduoe8« in iuni» a s a s ll  asgnstic  
f ie ld  at ihe s it s  of the nueleus ia  ^ppositisn to tb s sxtsr* 
oal fie ld *  Tbs assnitude of th is abisldlog f ie ld  i s  d lffs*  
rent, in d iffsrsa t aolsoules &a» to varlatioiis ia slsotroa ic  
strueture*
If ths alkali halidss ars imiiOf tbs i i ls ld -  
ing f ls ld  for a j»articalar halogen or olicali nueletts« 
acoordiog to Xaassy's thsoiy* vould not vaiy f  ros a»lsouls 
to ooleoulSf md hsnoe no e b ifts  would bs obssnrsd bstvssn 
these aolsoules. But swreral worksrs (7,8^9) batre obssi> 
TSd the cbsoloal s h if t s  in so lid  a lk a li halidss both for 
allca liaad  balogsn nuolsar reaonaDoes* In a ll thess oases 
(7»8f9} the obMrved sh ifts  were e^^lsiosd bgr attributing  
a osrtain aaount of ooralent eharaeter to the orysta llin s  
bonds in these oos^pmuds. In tbs presm t wriCt tbs sh ifts  
are obsenred in aqueous solutioas tibsre orystallins fislds 
ars not expeoted* Tboss abifts ars ausb saaller ia  aa,^i*  
tude than thoss ia  fiie so lid  aai^lss a sn tiood  abovs*
CLYicL
Shoelsiy ^  Aldsr (1) pointsd out froa a eonsids* 
ration of slectrostatio interactions onl^t that in eases
[it) DiSOUSSiOPI
vhere Ion pair fbr®»tlon or other lnt«ra«tloas lllr« oovaltat 
ooapltx forwtloa ftr« not pres«Dt, tSi9 ^l«Xdin^ 3f 
tlY« ion would tnerMiso vith iaereaslag oonoestratioa* rhU 
•3|>Ialn8 the shift of resooRnoe in K F» 2I«F k  CaF to 
higher fleia a« the e o m m tim tio a  i t  increased {«t hi^ values 
of ooneeotratiwn only). Carrlagton sutd HiQMt ho««vert ebeer- 
▼ed that th^ « dfpendenee ai^t be m falM xm i otherviee elao«
In the oaae of alkali ohlorldeSf the iateraetiona proposed to 
explain the ooic entratloo depeadeaor are probably negli^blttf 
at least in the range of ooisentratisnB studied^ (In these 
eaperiaeats tfoe oottcontratloa has been deoreased In steps 
froa the mturation value to about i or l/^th of it* Ihia 
llalt is usually set by tie iatensitjf of the resoanoe signal) 
as the ^ifts are foimdt within ezperiamtal errorsi to be 
indepentent of oonoentration«
la a recent puhli<aition (10) have pointed out 
a siailarity of these shifts is alkali oblorides to l^e knoim 
quadrupole coupling oonstants of the chlorine atoa In these 
ooleeules la gas phase. In general the siallarity oeo be e»- 
peated (4»11)t as both these depend upon the fraction of 
unbalfBoed ^ •ohstfaoter about the atoa in question. The 
quadrupole oeupling oonstant for a halogen atoa foming a 
hybrid bondy with a negative ionio eharaoter of saotmt ^  
is given by ;i2)
^ e r «  o< ie  ttx  hybrid lsatlo& t ^ fa o io r aad
^ ? *1/'a.Vc¥n m^owii froa iiifoato d»t« (15)* It oaa b« 
••eoilroia^ ^^ V.5) e(g s«ro if io&io
raet«r 18 10^ ^   ^ obs«nr*4 imloes of th«
quadrupolo oupllag oonstaats of K d «  SbCl Ik CaCX» ia ih# 
gasoous phAsey w«r« oa^&iacii tor Venk^tocvarlu •&<! Jaso^
(t4) by aodif^lns th« abov* exresslos as
-^CD-O/JJ ■•■CTi.Ai
vhore D represents ths effect on qaaan^l.0 ooupllag oons* 
tarxt aue to distortloqbf the closed lAielXa of the iialogsa 
atosy and i n^reasnts the effeet due to the presenoe of 
adjaoent ions or afeoas in the aoleoile. ^ e  obseirod values
**>• oontriOution « t tei«a.-i.J/3
to these Talueat glTen aIoog>^^* ea^erianital
eh«aloal shifta in Xable ?*1«
It be noted that the ohemoal itiift for LlCH
with refer cnee to HaCI is towards the ssae direct I on as that
i
for KCOLf Hbd & Cad* For oo^^ariaoa of this b^isi^uri 
the quadrupole oouplinL* constaat is aot Imoim for Li01« and 
it is Qot eorreotljr found for Had* A similar behairious ean» 
hovcfrert be ao^od 1q the case of qtadrupele ooupling oonsta&ts 
of broaine and iodine in the broaldee and iodides »f l«ithiua« 
sodiuB and potasstBD (H)«
% •  iof^ BM>4ifioatloo o f th« expres­
sion for esssntUlXy *ovt that the pr«8«no«
of th« positlTO ion would ^i^tly aiodify the dLootrio 
field gradient at the site of the a«9EitiTe|ion nueleus* 
Hoverery these qsadrupoie ooap3,iai; oonstsats were obser­
ved in .'^ MkSSt vhereaa the ihlfte obserred are in aque* 
ous solutions* Here %re c^mnot speak of a "bonding* as nsoh 
between the two ionB» the positive ion still be 
expeorted to aaice its presence felt h f the negative iont bgr 
forming a positive ion atoosphere around» even in the 
absence of anj ion pair fonaslLon* The sise of the poel^ 
tive ion inoreasei as ve ^  from Lithiua to CesioB and 
thereforet the effect on the chlorine ion due to this 
positive ion ataos^eret can be expected to increase in 
the saae order* The pre&^ioe of a positive charge in the 
Vicinity gminly draws the eLeetrons away from the Corine 
nucleuSf therebr reducing the shielding* So the reso­
nance signal will be A  ifted to lower fields as we go froa 
LiCl to CsCl^^iflb aca»unts for the trend in the variation 
of the shifts in table V*1f except for a change in the 
order in the case of LiCl* The saae trend is observed 
in the case of flijoridesf ^en they becoae independent of 
concentration* Even at higher concentrations the order is 
not chait^ ed*
I t  l6 probably not eorreet tomaam tbat th« abovt 
piQiura rapreaaoU tru0ly tha aaay faetora that cDotrlbuia 
to diaogaa La tha diiaXdiog of tha nagativa loa nuelaua*
Tha shiaXdtng U  bound to ba affa«t^ ^  the watar cuoXaeuXaa 
vhloh are thaeualvea j;>olarlsad du« to 9ia praaaooa of tha 
ioaa« ku dlaoaaaad by shaolary md U.dar (1)t tha poIaria»- 
tio v fa f tha vatar etolaeulaa daeraaaes tha ihlaldlng of pfotoiia 
vhila braakiog of the hydrogaa booda by tha Iona aota 
oppoaitaly* Ilia axtant to whidh the aolrant aolamlaa affaet 
tha ihlalding of tha ioo«t tharefbra dapaada on tha ralativa 
eoatributLon of thaaa two affeeta* vhieh la tunif dapand on 
tha aoXuta aoXaoolaa* Thua^U la dlffleult to diaantmngla 
thaaa aaveral &otora and it only ba said t im t tha oYar* 
all affeat on tha iCiialding of the n^tlTa ion due to poa^ 
ti¥a ions and water aolectilea Ln thoM a>Iutioat ta aueh ttiat 
tha affeot of tie poaltive ion la aw re pradoaiaant* Furtharf 
thare doaa not aaao to be a^y obvloua raaaon fbr tha ahlfta 
in alkali ctiloridas to ba oonaentration ir^pandasit| ^ t  it 
appaara that tha variatlont if i* oot lasngje in
tha ran^ a^ of cDfloantratlon atudied^ to ba obeerrad out&lda 
tha aomauhat lar^a axpMrlsseetal error involvad.
(b) Alkaline Earth qhlorldaaw Tha ahlfta la  a l l  tha 
tiona atudlad ara oonoentratloBdependant. la  every eaaa the 
ahialdlng of tha oU^orine noolena la fouad to inoreaaa with 
decreasing oom m trat ion* The plot o f theaa Yarlatloaa fbr
the four csms in Fig* V*} thovs Uiat the vmriatlon i s  
roughly liaear in ever/ case*
As sa itio w d  before9 according to hooleiy and 
Alder (1)ft the shielding o f the negative ioa shduld iSBr^ase 
with inoreMiag oooBentratlo&t unless ion pair foraatio^ r  
other interactions are present* I f  ton pair fortaation takes 
place the shielding v i l l  decreaeet provided the positive ion 
polarises the negative ion sore than the water Boleatle i t  
displaces** The ion pair foraation is  aost protahle at 
high oom entrations and as Uie ooneentratlon decreases* the 
foxtaatlo^f lhase ^ ir s  is  redaeed*
I f  we assuoe that ion pairs are ibraed at high 
con central tons in these aolecule^ and that the p ositive  ions 
polarise the chlorine ion oore than the water aoleeulest ths 
increase in the shielding with dfioreasing caacentration* 
observed in ttie present experiasnts i s  easily  understood*
The shielding observed i s  an average o f the shielding ezps- 
rienced by the nuclsu s in d iffsren t states** and i t  id 11 be
9-
* Carrinton and Mines (2) point out that i t  oay be necessary 
to rew nsidsr this* in view o f the residts obtained by 
Coonick and Pculson (15) who found that A lj^  and 
give resonaaoee at higher f ie ld  than the squeous florxdsion*
•• This i s  due to the Ihct that rwp id enhange o f ions in d if­
ferent sta tes takes pk^  oe.
•oallar at oom mirations b«e«us« o f tli« pres#ae« of 
larger nuai>er of ion pairt^ than at loner ooncentratioost 
tfhere the aaab^r of these pairs is reduced* It eac. be seen 
froa Fia* that at the aaaie conoentratlon the ahieXding 
increases in the order CaCl2» f^gCl2» SrQ^ ^  BaCl^* the 
eleotrene^jativil^ of the alkaline earth atone deoreaaes in 
the order Mg« Oa» Sr A Ba* Haoo^ pt for a ehaage in the order 
in the case of MgCl2* results point out that the shield*
ing increases as ttie electrona^tiTity of the otos taking 
part in the ioa pair forcation is deereased. this seeas to 
aeree with the seovraX observation that the shielding of the 
nuoletts deeroases as the eleotrooigatlvitar of the atOG» 
dlreotly bonded to the atoa oontaining the nuoleus ef inte* 
restt inoreases* The satae trend of variation  in the shield*
also
ing oaar arise partly due to the inoreasing s is e  of Uie posi-
A
tiv e  ion as ve go froa Kg to Ba« (The order is  changed in  
the (Mee of KgCl2 ) as in tiie oaee of the a lk a li b o r id e s  
dlsoutsed earlier*
In view e f  the fact that there i s  yet no unaabi* 
guous evidenoe regarding ion assooiation» «id as the e ffe e t
o f the solvent aoleeules on the itiielding of the lone i s  not
v e il understood* only smttral oonelusions oan be drtim f  ro» 
these resu ltsf and there does not to be any obvious iiw
Qonsistencqr in the assur^tlone aede above to eiqi>lain the ob­
served results* Further# d iff ic u lt ie s  arise in the present 
ease as the accnraoy ia lim ited by the large lin e  widths*
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